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PEEFACE. 



The following pages have been written with the 
object of giving to the student a general outline of 
the Physiology of Man. The simultaneous ai)pear- 
ance of complementary volumes has caused many 
subjects to be omitted that would otherwise have 
found a place, and are generally included in text- 
books of physiology. Thus it will be seen that all 
details of structure are passed over in silence, since 
they are fully given in Klein's Elements op 
Histology. The volume on Clinical Chemistry, 
by Dr. Ralfe, has rendered it unnecessary to mention 
many organic substances and many tests for organic 
substances that are usually given. All descriptions 
of instruments and methods of procedure in prac- 
tical physiology have been omitted, since tliey will 
be found in Dr. M*Gregor-E.obertson's work on 
Physical Physiology; and lastly, the appearance 
of Prot Bell's treatise on Comparative Physiology 
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AND Anatomy has led to the exclusion of many 
references to Animal Physiology. 

It need hardly be stated, then^ that the five 
volumes should be read together ; and if the student 
has mastered them thoroughly, he will, it is hoped, 
have acquired a sound basis for the future practice of 
his profession. 
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yJTRODnCTORT — GENEKAI, COMPOSITION OP THE t 

HuHAN physiology is a branch of biology, and 
treats of the purposes and functions of the body, and 
of its several parts. In the lower forma of life the 
Btructure is simple, nnd as there is no distinction of 
organs every part is cajwible of discharging a number 
of functions, each of which in the higher animal is 
limited to a special organ. The simplest forma of 
living beings with which we are acquainted are found 
in the class to which the term Protista is applied. 
In these the body is composed of a mass of proto- 

I plasm, through which graniiles are usually scattered, 
and the whole, or any part of which, can absorb 

' nutriment fram without, digest it, apply it to the 
nntribion of its own structure, cast out the indigestible 
matter, move from place to place, respond by move- 
ment to stimulation of varioiiR Uinds, and undergo 
multiplication by division. In the higher animus 
each of these functions is limited to a definite oi^an. 
AA alimentary canal is destined to digest the food, 
toA prepare it for absorption into the circulating fiuids. 
Definite vessels are formed, one part of which is 
developed into a pulsating organ or heart, by which 
the fluids elaborated into blood are driven to aU 
parts of the system, whilst special organs, as the 
bones, cartilages, muscles, and nerves, are subservient 
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Bi» moTement, and to the reception, conduction, ami 
J thf! perceptioa of impulses from without, whilst yet 
\ others are subservient to reproduction. 

OenemI composilion of the body. — The 

■ body is composed of certain ultimate elementa imited 

■ in part to form inorganic compounds, and in part 
mplex organic compounds, chiefly made up of 

I carbon ami hydrogen either with oxygen alone, or with 
I oxygen and nitrogen, named proximate principles. 
~ 3 of these are in process of assimilation to the 
■tissues and organs of the body, some form part of the 
I organs themselves, and some are undergoing dLsinte- 
Ljgration or decay, reprraent waste products, and are on 
■their way to be discharged from the body. 

The ullimale elements are carbon, hydrogen, oxy- 
1, nitrogen, sulphur, phosphorus, chlorine, fluorine, 
ssiuQi, Godium, calcium, inagnesium, manganese, 
J and silicon. The inorganic compcmnds are 

■ "Water and free hydrochloric acid ; the carbonates, 
I chlorides, fluorides, sulphates, and phosphates of the 
^alkalies, and alkaline earths. The amount of waiei- is 

i8'5 per cent, of the body weight, but difl'erent tissues 
Bnoontain very different proportions. -Thus, the kidneys 
Bontain 83-7 per cent., the bones 22, the teeth 10, and 
iie enamel only 02 ]>er cent. The gasea are oxygen, 
and perhajis ozone, hydrogen, nitrogen, carbon dioxide, 
mai-sh gas OH^ ammonia NH^ and hydrogen sul 
phide H,S. 

Tho proximate organic eomjioundt may be divided 
into two groups ; those containing nitrogen, and those 
which are dentituta of nitrogen. 

The •n.ilroge'noua or azotiseil compounds are t 
Proteids, including the albumins, fibrin, casein, 
globulin, and jieptones ; and the Albuminoids, mucin, 
chondrin, glutin, ketutin, etaslin, and ferments ; the 
Siliary acids ; cerebrin, lecithin, and many others. 

The Tum-motited compounds are the Sugars ; grape 
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] Characters of Proteids. 

sugar, milk sugar, inosite, glyuogen, and celliiloBe ; the 
Fata, stearin, pal mi tin, and olein ; and the Organic Acid a, 
formic, butyric, capronic, lactic, and sarcolactic acida. 
The foUowing synopsis of the chief proteid bodies 
IB taken froni Gamgee's " Phjsiologicid Chemistry,"" 
and should be carefully studied. 



' Olabs I. — AlbmnliiSi — Frotctd bailies, which are soluble 
in WHter, and which are not precipita.te(i by alkaline 
carbonates, by Bodiam cblonde, or by Tery dilate 
acida. If dried at a temperature below 40° C. they 
beeonie yellow and tranBparent, break with vitreous 
&acture, and ore Bolnble in water ; coagulation oocuis 
between 6b' Q. and 73" C. 

1. Strum albumin.— SpeciBc rotation (a) d = 

— 56°, not precipitated from ita eolutionB oa 
the addition of ether. 

2. Egp albumin. — Specific rotation (e) d = 

— ib-b", precipitated from its aolution on 
agitation with elher. 

Ouss II. — Peptones.— Prateid hodiea, eioHediogly ' 
Bcluble in water ; Bolutiona not coagulated by heat : ] 
por precipitated by sodium chloride, nor by acids o 
alkalies. Frecipitaled by a. large excess oF abeolut 
alcohol, and by tannic acid. In the presence of mudi 
caustic potash, or soda, a trace at solntiaa of copper 
sulphate produces a beautiful rose colour. 
(Cj.i^B m.^GIOltnlJns. — Proteid substancea, which 
are izuolable in pure water, hut Bolnble in dilute 
eolations of NaCI. These solutions are coagulated by 
heat; tbey are soluble in very dllnte hydrochloric 
acid, being converted into acid-albumin. They are also 
readily cuuvei-ted by alkalies into alkali-albumins. 

1. Vileilin.— Hot precipitated from its solution 

when those are saturated with common salt. 

2. Jfi^ojin.— Precipitated from its solution in 

weak common salt when these are saturated 
with sodium chloride. Solutions coagulate at 
56° to 6U° C. Solutions in common salt not 
coapilated by solution of fibrin ferment. 

3. J'iirinojieo,— Soluble in weak solutions of NaOL 

Preoipilated from them completely on the 
addition of NaCl, when this amounts to 12 
or 16 per cent. Solutions coagulate oi 
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addition of flhrin fermont. TempBratum of 
fioagiilation 56° C. 
Para^teJu/m.^BoluMe in weak solution of 
Bodinm chloride. From weak alkaline solu- 
I g tionB paraglobulin is precipitated \sf tho 

I I additdon of a very amaJI quantity of NaOI. A 

-i further addition of tliis tiody effects re- 

1^ solution of the precipitate, which ia thrown 

' e down again, thoueh utill not completaly, 

, g when the amount of NaCl in aolutionaiceada 

■S 20 per CPnt. Psrsglohnlin ia completely pre- 

'S cipitated when its solutions are saturated 

S with ammonium sulphate. It« aolutions are 

J< not precipitated by addition of fibrin fermont. 

5 Temperature of coagulation variea, ac- 

* cording to the amount of salts present, and 

mode cd heatiiig, between 68° C and Bn° C. 
91 TV.— Derived nlbmnins.—Proteid bodies, in- 
soluble in pure water, and ia eoliitions of NaCl, but readily 
ioliible in dilute HCl, and in dilute alkaline solutions, 
nut coagulated by heat. 

1. And aWiiniini. — Ohtaiued by the action of dilute 

Hcida, especially HCl, upon solutiong of protcida, 
by actidn of strong acids upon solid proteids, and 
B« first products in the action of gaatnc juice upon 
proteids. On neutralising solutions of acid 
albumins they are precipitated even in the 
presence of alkaline phosphates. NaCl added to 
sataration also precipitates them. 

2. (a) Alkali albuiHint. — Obtained by tbe action of 

dilute alkalies upon the proteids. Posseaa the 
properties of sub-class 1, with the exception that 
m ths preaonce of alkaline phoaphnte, the 
Bolutiona are not precipitated by neutralisation ; 
when heated with atmng solutiun of caustic 

Clash, potnssium sulphide is not formed. 
Casein. — The chief proteid constituent of mitl; . 
me properties as a, but when treated with strong 
solution of caustic potash, potsasium sulphide is 
formed. In milk is coaKulatod by rennet. 
— Fibrin. — Insohible in watei', and in weak solution 
rf NaCl. While, .-Instic, solid, usuallj^ eihibiting fihrilla- 
'■-la under thn microflcope ; swells up m cold hydrochlorin 
id of '1 per cent., but does not dissolve. When thus 
'ollen, disnolves wiUi ease when a Solution of pepsin ia 
poured over iL Wlien heated for a great many houra at 
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10° C. ill dilute HCl it dissolveB, aud the solution cuntaina 

add-albmnin. 
I Class VI.— Coagulated proleids.— Insoluble in 
■ dilute acids, and allialiefl. Gives MiUou'a reaction. 

digsolyad when digested at 35° tJ. to W C. in artificial 

gastrio or pancreatic juice, giving riae to pajitones. 

[ 0la£8 VH.— Lardacelu or amyloid substance.- 

Inaoluble in water, ia dilute acids, in alkaline carbonates 
not dissulvud by gastrio juice at tbe temperature of the 
body, coloured browniah-rcd or violet by iodine. 

I Oeneral chai'aclers of tbe proteids. — Alltbect 
pounds included in this group of Bubetancea onnt^D nit 
gen and sulphur, and their chemical composition is 
pressed by a formula more or le^ closely roBombUng the 
following: C(,H,N„OaaS,. They are amorphoua, with, 
yariabie solubility in water and acida ; usually soluble ii 
aUtaliea ; almost insoluble in alcohol and ether. Thi 
aqueous solutions sxa neutral They are not volatile ; iJiey 
bum with an odour of burnt feathers, giving ofl ammo- 
niacal fumes, and leaving a residue uf ash which chieQy 
consists of lime phosphate. Exposed to the air they easily 
undergo decern jiosition. Calcined with putaah, or boiled 
irith sulphuric acid, they yield leucin and tyiosin. Hot 
concentrated nitric acid converts them into a yellow body, 
xanthoproteic acid. Treated with acids or with alkalies, 
or when allowed to undergo putrefactive decomposition, 
they give, amongst others, the fallowing products of de- 
composition : Volatile fatty acids; oxalic, acetic, fonnio ' 
valerianio, fnmarie, and asparagic acids; leutin, tyrosin, 
and ammonia. When treated with oiydising agenta, they 
yield formic, acetic, propionic, butyric, vsk-rianic. capric, 
and benzoic adds ; the aldehydes of these acids and volatile 
organic bases, accto-nitril, valero-nitril, and propie-nitrU. 
They rotate polarised light to the left. They are pre- 
oipilaled from their solutions by aa excess of the stt ong 
mmsTBl acids, by acetic or hydrochloric acid, aud po- 
tassium ferrocyanide. the basic acetate of lead, mercury 
bichloride, tannin, and by potash carbonate in powder. 

Te«t8 for the proteids. 

1. jVifrtit acii< Utt. — Heat tbe liquid, and add nitric acid 
tiU the reaction is adorgly acid -. a precipitate Ealla which 
undergoes no change on the addition of acid, 

. 2. &dium tvtpluUe t»l.— Add acetic acid till the n 

ia strongly acid. Mix with en equal volume of cooueu- 
trated solution of sodium sulphate, and boil; the proteids 
are precipitated. 
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' 3. FietrntctAi'! (e»<.— "Warm the liquid containing albumin 
withBrnodcnite quantity of solation of potash or soda, und 
add one or two drops of copper BulphSite ; the 
liquid BBBniDBa ft Tiolet eolanr. 
i. XaniioproUic reaction. — Heat with ooncentrated nitric 
acid; the liquid, if it contain aproteid, willasaume a yellow 
tiiit,«hich becomes reddish-orange by the actiou of alkalies. 
5. Miilon'a teal.— itillort's reagent is made by dissalring in 
the cold cue part of mercury in its Afeight of concentrated 
nitric add ; the solution is completed by applying gentle 
warmth. Two volumes of distilled water are then added, 
and the fluid decanted. This test gives a red colour with 
liquids containing proteide, which Is more marked when 
they are heated to GO" C. or 70" 0. 
f 6, AdamkkiL-ki'a tut. — Every profeid, when dissolved in an 
9B of glacial acetic acid, gives, on the addition of con- 
centrated sulphuric add, a beautiful violet colour and a 
slight fluorescence (Beaunia). 
Carbohydrates. These inclade : 

1. Starch CjHiuO,, formed in and predated by plants 
growing nnder the influence of light. It is often stored 
up as aliment in tubers and fruit, and consists of granules 
presenting ooocentrtc markings. It is insolutile in 
cold, but swells ami becomes gelatinous in hot water, 
which dissolves the griHulan, but leaves undissolved the 
allu/ose of the starch granules. Gives a blue colour with 
tree iodine, Eiposed to heat the blue tint vanishes, but 
will return if the liquid be suddenly cooled. Starch, on 
being heated to 210° C, is converted into dextrin, which 
also appears in germinating seeds. Whan atarch paste is 
boiled with dilute acid it is converted through some inter- 
mediate iftages into dextrin and then into sugar, and the 
same conversion is efiected by the salivft, pancreatic and 

2. Siijnci. — These are aubatances having a more or less sweet 
Uste, usually soluble in water, and destroyed by strong aul- 
phuric acid, which abstracta the water of these compounds 
and leaves only the carbon. The most important are glycose 
CgUisOg, lactose CTiUMO,„saccharoaeC„UnOii, and glyco- 

m CgUjgOj. On fermentation they yield COj and atcohcL 

^e testa for glycose are : 

1. Treiamer'i tcit, which depends on the circum- 
stauce that sugar in an allniline solution acts as a 
reducing agent. To the saccharine fluid about 
one-fourth of its bulk of soda or potash lyo is 
added, and a dilute solution of copper sulpbato. 
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J.I.I Carbohydrates and Fats. 

A eliglit clouding' ocoura from precipitation of 
hydr.Lte of copper 0]tide, whirA liiaaolvaB cm. 
shaking. On hpating tha fluid, if sugar be 
present, a yeUowish precipitate of copper oside 
tahes place. 
3. Saltgti-'i te^l.^Aa alkaline Boliition of bitmntli 
ia reduced by sugar to bismuth suboxide, the 
□xide being precipitated as an olive greea and 
nltimately black powder. 

3. Maore't teet. — The Uuid is boiled with causticalkali, 

and becomes, if Hugar be present, first yellow, 
then brown, and then blackish. On the addition 
of nitrio acid a eniell of caramel is perceptible, 

4. Mulder and Stubauer's test consists in the addition 

of a sufficient quantity of a, solution of indigo 
carmina to giva tha Hacchaiine solution a faint 
blue tint, and applying sodium carbonate ; on 
applying heat the colour changes to gret^, purple, 
and red. On agitation irith Rir the fluid recoveiB 
its blue tint. 

5. JftHiys'ifcit.—Succhanne solutions, when evaporated 

to drynesa with sulphuric or byditichloric add. 
in a water bath in a porcekin cftpBole, leave 
behind a black shining reddue. 
a. Silver teet. — Diluted solution of grape Sugar, on 
being boiled willi silver nitmte and ammonia, 
leaves a metallic deposit on the surface ui tha 
Tessel. Alcoholic solution of grape sugar, 
mingled with Hlcohollu solution of caustic al^li, 
causes a preE:ipitstion of a ciimpound of alkali and 
sugar in tha form of white SOLCuli. 
tfl.— The fata are etherx deriied from thetriatomic alcohol 
glycerin CjHJOHjj. They are widely diatrihutad both 
m plants and in animals. They contain very little 
oiygen. They are soluble in ether, benzol, chloroform, 
and in boiling alcohol. Dropped on paper they give a 
i^antcteristic grtiuse spot. Shaken up with colloid sub- 
stances they give an emulsion. Heated with wuter ahove 
steam heat, or eipoaed to the action of certain animal 
ferments, as that of tha pancreas, they take up water and 
split into glyterin and free fatly acids. When these 
tssential fats are boiled with solutions of the alkaline 
hydmtes or carbonates, they undergo the process of 
taponili cation, decomposing as bt^ore into glycerin, and 
the fatty acida, hut the latter immediately combine with 
the alkaline metal to form a soap, which ie, in faot, a 



I 



Human Physiology. [Oup. ii. 

eoluble suit. The tlir^D prinDipal fata oE tlie liumcm body 
are tristearin, fcripalmitiu, and triolein. The foUowiog 
foimuJiE repreeeot, accoidiiig to Gamgee, the compoBitiaii 
of these bodies : 

rPfllmitin, CjH,(O0uHs,O), 
Olfcerin CjH.fOH), ) Stearin, C,H,{OC,,H3iO|, 
tOiein, C,H,{OC„HhO), 
Palmitic add, CioH,iO,(JH 
SteHric add, CbHjsO.OH 
Oleic acid, CisHjaO.OH. 
Gteorin melts at about 60° C, palmitin at about 45° C, 
ok-iu at abcut 30° 0. Stellate oystaU of atearin and 
palmitin often occur in fat cells. 
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Blood may be r 
matrix is fluid and 
the whole being in coiistajit motion. 

Physical properties of the blood. — Blood is 
of a red colour, varying in different parts of the circu- 
lating Bystem from a carmine or almost puq>le tint to 
^e^nlil!ion. It ia uaunlly brighter in the arteries than 
in the veins, owing to the arterial blood being charged 
with oxygen, whilst that in the veins contains deoxy- 
dised hemoglobin. Blood is exceedingly opaque, a 
comparatively thin layer entirely intercepting the 
pu;4Gage of light. It presents an alkaline reaction 
when freshly ilrawn, wliioh, however, soon becomes 
lees marked, owing \a the formation of acida. The 
reaction may be shown by impregnating neutral 
porous plates with red tincture of litmus. Un allow- 
ing a drop of blood to fall upon the part, the cor- 
puscles rest on the turface, whilst the fluid parts of 
the blood are absorbed, and efiect a change of colour 
in the plate a little below the surface. The smell of 
blood resembles that of the animal from which it 
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oxy-hKmoglobin ordinarily present is reduced or oon- 
Terted into hemoglobin, the double absorption band 
disappears and is replaced by a single bund (Fig. 1, 2), 
^rhicli occupies a position nearly intermediate to the 
two bands of ozy-hfemoglobin. It is remarkable that 
in blood which has been exposed to the action of car- 
bonic oxide gaa, the spectrum presents two absorption 
bands which are almost, though not quite, identical with 
those of oxy-haemoglobin (Fig. I, 3). 

Qnanlity or the Wwod.— The quantity of the 
blood in man is estimated to be from one-twelfth to 
one-fourteenth of the weight of the body, so that a 
man weighing twelve stone has about fifteen pounds 
of blood in his body. It may be determined by 
Weloker's method, which consists in coUeoting ail the 
blood that can be obtained by opening the larger 
vessels. This gives approximatively the total quantity 
contained in the body, but approximatively only, for a 
conaiderable quantity still remains in the capilJaries 
of the muscles, and of various isolated organs, as the 
brain, spleen, and liver. To estimate this extra 
quantity the body is finely minced and throwii into 
a large quantity of water. The colour of the infusion 
is then compared with that of a series of test liquids 
in which water is mingled witii known quantities of 
blood, and a tolerably accurate conclusion may thus 
be drawn of the quantity present in the body after 
tbe general bleeding. A modification of this method 
has been employed by Geacheidlen, in which the tint 
of the blood is rendered uniform, and decompositioa 
retarded by treating the blood with carbon monoxide. 
Lehmann, with Weber, obtained a higher number 
than that above given. These observers determined 
the weight of two criminals before and after decapita- 
tion, and having washed out the vessels with water, 
the quantity of blood remaining in the body was 
calculated by instituting a comparison between the 
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Corpuscles of the Blood. 

BoKd residue of the pale red aqueous fluid and that o£ 
the blood which first esca[ied. By waj of illustration 
the following gives the results of one of the experi- 
' s with which the other h ' ' 



The living body of one of the criminala weighed 
60140 grammes, and after decapitation the same body 
weighed 54600 gi"amuiea, consequently S540 gramme 
of blood had escaped; 28'560 grammes of the blood 
yielded 5-36 grammes of solid residue; 605 grammes 
of sanguineous water collected after the injection 
contained 3724 grammes of solids; 6050 grammes of 
the sanguineous water that returned from the veins 
were collected, and these contained 37'34 grammes of 
solids, which corresponds to 1980 grammes of blood ; 
consequently the body contained 7520 grammes of 
blood (5540 escaping in tlie act of decapitation and 
1980 remaining iu the body), hence the weight of the 
whole blood was to that of the body nearly in the 
i-atio of one to eight. The quantity of blood is greatly 
increased after a meal, especially when liquid has 
been taken. It does not diminish but rather increases 
relatively to the weight of the body in inanition. In 
the new-born child it is only about one-nineteenth of 
the total weight of the body. An increase takes place 
during pregnancy, especially in the latter half. In 
plethora the quantity of the blood is augmented, in 
antemia diminished. After severe haemorrhages the 
loss of blood is soon restored, though the corpuscles 
are manifestly fewer in number. 

morphological or formed elenienls or the 
blood. — Blood contains coloured and colourless 
corpuscles, the physical characteristics of which arc 
fully detailed in the companion volume, "The Elements 
of Histology." The eolaured eorpttsa/es are elastic and 
have a specific gravity of about 1088. Their elas- 
ticity is shown by the temporary alteration in form 
they undergo in bending round an angle of division of 
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a blood- vessel The essential purpose tliey fulfil is that 
of oxygen-carriers; for the hfenioglohin they contain 
combines with osygen during theii' transit through the 
lungs, and suirendera it to the tissues as it traverses 
them. The number of the red corpuscles is enonnouBj 
a cubic millimetre containa between 4,000,000 and 
5,000,000, and it may be estimated by diluting a defi- 
nite quantity of blood with many times its bulk of 
■water, distributing the mixture evenly over a Btage 
ruled into squares of koowu size, and then counting 
the number of corpuscles in each square. Estimates 
which are, of course, only approximate show that the 
red corpuscles of an adult present an aggregate sur- 
face of about 3,000 square yards, whilst the surface 
they present for the absorption of osygen in the lungs 
each second is about 80 square yards. 

The v>hiti corpvtclRe are small nucleated masses o£ 
protoplasm, capable of executing amoiboid moyementa 
at the rate of progression of 13 milliineters per minute, 
and much fewer in number than the red, the number 
in 1 cubic millimetre of blood varying from 4 — 7,000. 

The protoplasm of the colourless corpuscles is a 
proteid which undergoes partial decomposition, or at 
least coaguhition at 40° C. It swelis and becoraes 
transparent when treated with acetic acid. It dissolves 
in a 10 per cent, solution of NaCl, the nuclei of 
which consist of nuclein remaining undissolved. The 
whit* corpuscles contain glycogen, recognisable by the j 
reddish colour it gives with potassium iodide and iodine. 
They sometimes contain a few minute fat granules. 

The use of the coloui'less corpuscles is lees ceiv 
tajnly known, but amongst otlier purposes they 
probably subserve tlie repair of tissues and aid in the 
production of the coloured corpuscles. They contaiii 
myosin, fat corpuscles, cholesterin and protagoo, 
nuclein and glycogen. 

Other colourless coqiuscles have been described by 
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NorriB, which Lave been shown by Mrs. Hart to be 
red corpuscles from which the colouring matter has 
been diasolved out 

CoHgulatioD of the blood. — Blood, on being 
withdrawn from a vessel, is perfectly fluid, but, with- 
in a few minutes, it first bMoraea viscous, and then 
sets or coagulates, beooniing converted into a solid 
{gelatinous mass, and giving off at the same time a. 
peculiar odour termed the halituB. Small transparent 
beads soon appeal' on the surface, and, running together, 
form a layer of yellowish fluid. The fluid is the 
eerum ; the red solid mass from which the Berum 
exudes ia the clot. The time that elapses between 
the escape of blood from a vessel and the occurrence 
of coagulation varies. The minute drops that spirt 
from a divided artery, and fall on a rough sui-face, 
like baize, during an operation, often coagulate in a 
minute, or, at most, within two minutes ; but, when 
drawn in mass into a bowl, coagulation does not com- 
mnnoe for ten minutes, though the blood gradually be- 
ooniea thicker. In the horse under ordinary con- 
ditions, and in other animals, if the blood be rapidly 
cooled, a triple separation of its constituents may be ob- 
served. The red blood-corpuscles, being the heaviest, 
sink to the bottom of the vessel ; lying upon thera is 
a thin layer of white corpuscles, whilst the upper part 
of the fluid column consists of nearly pure liqitor 
sanguinis. Ifotwithstanding this separation of parts, 
the column coagulates with nearly equal flrmness 
throughout, and the exudation of serum takes place 
in the customary manner. It is possible to filter 
blood, and the corpuscles are found to remain on the 
filter, whilst the liquor sanguinis passes through it. 
In this case the liquor sanguinis will set as usual, 
showing that the presence of the corpuscles is not 
essential to the act. Under the microscope, it may 
sen that, just before coagulation sets in, the red 




Human Phvsiology. 



[CHap. li. 



corpuscles have a teii<!ein;y to adliere by their i 
surfaces, so as to resemble small piles of coin. 

CIrcnDistBnces affecting the rapidity of 

coagulation. — Cold approximating the freezing 
point of water retards coagulation, and, if tie cooling 
be rapidly effected, the blood may even be fiBzen 
before it has had time to coagulate. In this condition 
it may be kept for an indefinite period, but, if thawed, 
it quickly sets. Ooagnlatioii may be prevented by 
the addition of large quantities of various neutral 
salts, such, for example, &s sodium, potassium or mag- 
nesium sulphate or chloride, the alkaline carbonates 
nitrate of potash, syrup, pepsin, and white of egg, and 
by acetic acid added in sufficient quantity to give it an 
acid reaction Venous blood coagulates more slowly 
than arterial, apparently in consequence of the larger 
proportion of carbonic acid gas it contains. Hence, 
tooj co^iulation is slow in the blood of those who 
have been asphyxiated. Coagulation of normal blood 
never takes place as long as it is moving within the 
vessels ; and, even if it be confined to a limited portion 
of an artery or vein by pressure applied at two points 
without injury to the vascular walls, it still exhibits 
little or no tendency to coagulate. If, however, the 
wall of the vessel is injured, as usually occurs when 
ligatures are cast around it and tied, the contauied 
blood sets readily enough. Blood rapidly drawn from 
the body into a smooth vessel, such as glass or china, 
seta slowly. Under all these circumstances, the coi^ 
puscles have time to settle towards the bottom of the 
vessel, leaving the plasma at the upper part dear. 
The coagulation of this clear layer of plasma forma 
the bufly coat seen in the slowly coagulating blood 
of the horse, and in inflammatory affections in man. 

Coagulation is hastened by free exposure of the 
blood to air, and it occurs quickly in blood flowing 
from a amnl! vein or from a small orifice in a vi * 



f -Ciisp, II.] Coagulation of the Bi.nni). ij 

especially wiien it falla on a rough surface or ia 
received in a metallic vessel which presents many 
points at which the process may commeaca It is 
hastened by a moderately high temperature. If ex- 
posed to a temperature approaching 150° Pahr., 
coagulation of the serum albumin takes place. 

During coagulation the blood becomes lesB alka- 
line, the amount of oxygen it contains dimiaiahes, 
that of carbonic anhydride increases, and a slight 
rise of temperature occurs. 

Cause of the coagulation of the blood. — 
The coagulation of the blood is due to the solidification 
of fibrin, an albuminous substance which is believed 
to be formed by the union, under tlie influence of 
a ferment and in presence of small quantities of 
neutral salts and alkalies, of two compounds origi- 
nally existing in solution named fibrinogen and para- 
globulin. The ferment does not pre-exist in the 
blood, but it develops after the blood is withdrawn 
from the ressels, and appears to be derived from the 
breaking down of the colourless corpuscles; and these 
corpuscles also yield a part, and perhaps a large iiart, 
of the paraglobulin. Fibrin can be obtained in a 
tolerably pure state by whipping blood with a bundle 
of twigs before coagulation has commenced. It then 
appears as a huff-coloured, stringy substance, which 
has considerable elasticity. For its chemical charao- 
t«rH see ]«ige 4. 

It is remarkable that the serous fluids poured 
forth in inflammatory aflectiona of the pleura, peri- 
cardium, peHtoneum, tunica vaginalis, and other 
serous membraneB, exbiUit little or no tendency to 
coagulate ; but, if a httle blood from which the fibrin 
has been removed by wliippirig be added to either of 
them, coagulation at once occurs. The whipped, ox 
defibrinated, blood appears to contain something 
capable of inducing coagulation when brought into 
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contact with aiiotlier subatance contained in the 
tranEudate ; and Schmidt believes he has been able to 
fihow that whilst the ferment, and a large part of the 
paraglobulin, proceed from the white corpnsolea, the 
fibrinogenoQS subatance is contained in solution in the 
liquid, and that he has isolated these substances. 

The reasons for believing that the fermetd is 
derived from the white corpuscles are ; 

(1) That there is evidence that the ferment doea 
not proceed from the red oorpusclea. 

(2) That blood freed from its white corpuscles by 
filtration at 0° C. coagulatea late and slowly ; yet, if 
temporarily raised to 10° — 20° C, and re-cooled and 
filtered, the filtrate, though destitute of white cor- 
puscles, is rich in ferment, the corpuscles having had 
the opportunity of parting with it. 

(3) That the quantity of ferment in filtered 
plasma, which removes the white corpuscles, is not 
greater at the end of coagulation than at the begin- 
ning, whilst, in non-filtered plasma, the ferment 
undergoes great inci-ease during the act of coagula- 
tion, 

T!ie reasons for believing that the paraglobulin 
is partly derived from the white corpuscles are ; 

(1) That filtered plasma gives nearly 30 per cent, 
less fibrin than nnfiltered plasma. 

(2) That the number of white oorpusclea in the 
blood is greater before than after coagulation. 

Bizzozero so far differs from Schmidt's views that 
he believes certain granular masses and plates found 
in the blood are the active agents, instead of the 
white oorpusclea 

COMPOSITION OP THE BLOOD, 

The quantitative composition of the blood variea 
considerably in different peraons, and even in different 
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I |>art,9 of tlie same person ; the following table repre- 
I sents that of the horse, but may he taken as similar to 
\ that of man. 

( Water 20O 



CeUs, 328 



Solids, 1 



Other 



organic 



Water 801 

Fibrin 7 

Albumin 52 



Fat 

OtiBC organic com- 
pounds 

Potasaiom and sodium 

Calciam and magoeHium 






The Froteids of (be blood The ccloured 

oorpuscles contain from 5 to 12 per cunt, of prot«ids. 
The most im]portant of these ia hiEmoglohin. 

Hiemaglobin. — This aubatance stands almost 

complexity of its constitution, the formula 

,}ar each molecule being C,a,H,,gN,g,FeSjO„^ It lias a 

irong affinity for oxygen, 1 gramme of htemoglobin 

jing capable of taking up l'S7 cubic centimetres of 

:ygen at 0° C, and 1 metre presaure. It is then 

'hemoglobin. The oxygen can he displaced 

■jby carbonic oxide gas, and can be abstracted fi-om it 

by the tiasuea of the body, which have a stronger 

affinity for oxygen than hjemoglobin. It ia then 

termed rediieed hasmoglobin, Hsemoglobin therefore 

acts as an oxygen carrier, absorbing and combining 

oxygen as it traversea the lungs, parting with 

it courses through the body. Oxy-hn'moglobin 

itystttlliaea in the forms shown in Klein's " Histology ," 

The cryatala are doubly refracting and pleo- 

•omatic. They may be obtained by various methoda. 
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ttie |iiTiicipIe in all of which is to effect the solution 
of the htemoglobin, either in serum or water, and then 
by the addition of alcohol or bj the agency of ooid, 
or of Itoth conjointly, to cause the haimoglobin to 
ci-yatalliae ont (GSamgee). Moist htemoglobin is a pasty 
red mass, evincing when pure and when kept in vacuo 
little or no tendency to decomposition, readily dissolv- 
ing in weak solutions of the caustic, and of the carbo- 
nated alkalies, and easily decomposed by strong alkaline 
solutions, as well as by acids and acid salts with for- 
mation of hsematin. 100 giammea of blood contain 
1 2 to 1 5 grammes of hsemoglobin. 

ProdDcts of the decomposition of hieino- 
Blobin. — "When hiemoglobia undergoes decomposition 
without access of oxygen it yields a pi-oteid and a 
body named kiemochromogen, but when it is exposed 
to air for some time htemoglobin loses its blood-red 
colour, aaaumea a brownish tint, pi-esents an acid 
reaction, is pi'ecipitated by solutions of basic lead 
acetate, and gives a spectrum in which the two bands 
of oxy-hicm.oglobin are faint, whilst a new bsnd 
appears in the red near c. On adding some reducing 
agent, as sulphide of ammonium, the fluid gives the 
spectrum of reduced hiemoglobin, wliilst on shaking 
the solution containing the latter with air, oxy-hasmo- 
globin is again formed. These characters appear to 
be possessed by Iwemoglobin whilst in process of trans- 
lation into ha'niutin and a protcid, and to this 
intermediate stage the term niethcem.oijlfiLbi, has been 
applied. 

llRmatin. — This is one of the products of the 
decomposition of hemoglobin by the action of acids 
and acid salts in presence of oxygen. When blood is 
treated with acetic acid it assumes a brown tint, and 
the acid hsematin formed can be dissolved out with 
ether. Pure hoeniatin ia of blue-black colour with 
metallic lustre and does not crystallise. Its formula is 
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OiaHfoNsFejO,,. It contaioa I2-6 per cent, of oxide of 
iron. It is insolubla The etheiial BolntioD preeentB 
four absorption bands, two between c and D, 
between d and b, and another between 6 and c 

Hsemin.^When a drop of blood is boiled with 
acetic acid and a little common salt, it immediately 
becomes brown, and on evaporation i-eddieb-bro' 
Prismatio crystals may be obtained, which are those of 
hiemin. They are insoluble in water, scarcely soluble 
iu hot alcohol and ether, soluble in liquor potassiB. 
They are of much importance in medioo-legal enquiries. 

HEematoldln. — This name is given to the yellow 
microscopical crystals found iu old apoplectic clota aud 
other extravasations of blood. They appear to ba 
identical in form with those of bilirubiu, and when 
treated with fuming nitric acid give the name colour 
reaction as the chief colouring matter of human bile 
(Gamgee). 

PLA8SIA or THE BLOOD. 

The fluid in which the corpuscles float is tha 
plasma. It is viscous, of yellowish colour when in 
mass, with specifie gravity of 1026 to 1029. Its re- 
action is alkaline. It la capable of coagulation in the 
presence of white corpuscles, or of the products of 
their disintegration. It contains certain proteids, 
the most important being 

Para globulin .—This is also known under 
names of serum globulin, and of Schmidt's fibrino- 
plastic substance. It is obtained by diluting plas 
witti 10 to 15 times its volume of ice-cold water, and 
transmitting through the fluid a stream of carbon 
dioxide. It may also be obttuned by adding 4 dropti 
of a 35 per cent, solution of acetic acid to 10 oubio 
centimeti'eB of serum, diluted with 150 cubic centi- 
metres of H,0, and, still better, by adding magnesium 
sulphate to complete saturation, when the whole of the 
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paraglobulin iiills. It is probably in part contained in 
Bolution in the plaama, and in part in the colourlesa 
corpusolea. It coagulates at about 75° C. 

FibrinogeD. — After the paraglobulin has been 
removed from plasma, if the fluid be still further 
diluted and CO, passed, fibrinogen is precipitated. 
This substance is insoluble in pure water, but soluble 
in water which holds oxygen in solution. Like para- 
globulin, it is soluble in a solution of sodium chloride, 
containing 6 to 8 per cent of the salt. When the 
quantity of salt attains 12 to 16 per cent., fibrinogen 
is precipitAted, whilst paraglobulin remains in solation. 
Solutions of fibrinogen coagulate at 56° C. 100 
grammes of the plasma of a horse have been found in 
one experiment to contain 0'4299 gramme of fibrino- 
gen, and to yield 0'376 gramme of fibrin. 

The Senun of blood — The serum is the fluid 
that is graJ:lually expressed fi-om the clot by the con- 
traction of the fibrin, and which accumulates upon 
the clot. It may be regarded as the plasma minus 
fibrin, or one of the elements of fibrin. It is clear, 
transparent^ and yellowish in a fasting animal, but 
opalescent after a full meal, owing to the quantity of 
chyle, containing minute fat drops, that has been 
poured into it. Its specific gravity is about 1027. A 
thousand grammes of blood yield between 440 and 
525 gmmmes of serum. It contains aljout 10 per 
cent of solids, of wliich the most abundant are the 
proteids, and especially serum albumin, but it also 
contains fats, sugar, salts, and gases. 

§alls of the blood.— There is a remarkable 
difference in the distribution of the salts of the blood 
between the corpuscles and the plasma. Thus, 1,000 
parts of moist corpuscles yield (exclusive of iron) 
8 parts of mineral matter, of which potassium forms 
3'3 pai-ta, phos|>horus pentoxide I'l parts, sodium 1 
part, and uhlorine 17 parts, calcium, magnesium and 
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^^H sulphuric anhydride muking up the rest ; whilst 1,000 

^^H paits of plasma yield 8-5 parts of mineral matters, of 

^^HThich chloriae forms 3 '6 parts, goilium 3 '3, potassium 

^^B only 0-3 part, with the rest made up as, before. 

^H The Gases of (he blood.^ — When biood is ex- 

^^V posed to the vacuum of an air-pump, a considerable 

^^* quantity of gas is given off, amounting to about 

half its volume, and to about t^it*^ ^^ ^^ weight 

Thus, if 100 parts of blood drawn from the carotid 

art«ry of a dog be exiausted, the gases obtained from 

it show that at 0" C. and 1 m. pressure of mercury, 

it oontftins 17 parts of oxygen, 29 parts of carbonic 

anhydride, and Ti parts of nitrogen. 

The quantity of oxygen contained in venous blood 
varies within wide limits ; thus, the blood- returning 
from quiescent muscles contains only 6 per cent, whilst 
in the blood of asphyxiat«d animals it may be almost 

■ entirely absent A small part of the oxygen is simply 
absorbed, just as oxygen is absorbed by water ; but by 
br the larger part is taken up, not in accordance with 
the law of Dalton, but as a result of the affinity of the 
hasmoglobin of the red corpuscles for it, and quite in- 
dependently of pressure. The former portion ia given 
off exactly in proportion as the pressure is diminished, 
but the second portion is refained when the tempera- 
ture is low, until the pressure ia diminished to about 
20 mm. of mercury, when it is suddenly released by 
the Iwemoglobio. Exposure of the blood to a pressure 
of 6 atmospheres causes but little increase in the 
quantity of osygen absorbed. That portion of the 
oxygen which is associated with the hsamoglobin, is so 
loosely combined with it that it is given off on boiling, 

I or by the transmission through the blood of other 
gases, or by the addition of various reducing agents, 
such as ammonium sulphide, hydrogen sulphide, and 
iron filings. The oxygen absorbed into the blood 
seems to bo rendered active, or to be converted into 
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ozone, and the hiemoglobin is an ozone carrier. This 
may be demonatrateil by adding to oil of turpentine 
which hfls been exposed to the air, and which, there- 
fore contains ozone, some tincture of guaiacum. No 
change.is visible, bnt if a little blood be added, tlie 
misture immediately becomes blue, owing to the 
htemoglobin abstracting ozone from the oil of tnrpen- 
' tine, and parting with it to the tincture of guaiacum. 
The carbonic anhydride contained in the blood is 
in a state of chemical combination, since all fluids that 
simply absorb this gas have an acid reaction, whilst 
the blood is alkaline, and it appears to be combined 
with sodium partly as a carbonate and partly as a 
bicarbonate. The latter portion can be extracted by the 
air-pump alono, tlie former requires the addition of an 
acid. A small quantity is combined with the sodium 
phosphate, two equivalents of which take np one of COj, 
becoming changed into acid sodium phosphate and 
neutral sodium carbonate. The proportion of 00, in 
the blood may vary from 30 voL per cent, in arte- 
rial blood, at 0° 0. and 1 m. pressure, to 35 voL per 
cent in the venous blood of inactive muscle, and it 
may even riseaaLighaa 52-6 vol. percent, in asphyxia. 
Since 100 parte of blood may contain 3050 vol CO,, 
and 100 paris of serum of the same blood only contain 
31'95 vol COj, it is obvious that the corpuscles must 
also absorb and combine with some carbonic anhydride, 
for if the carbonic anhydride were combined exclu- 
aively with the salts of the serum, wo should have to 
admit that in the above example the blood was com- 
posed of 95 per coat, serum, and only 5 per cent, of 
corpuscles, which is known to be incorrect. 
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OP THE BLOOD. 

Thb Tnoveraeut of the blood is requisite that new 

I material aud oxygen may be brought to all parts of 

1 system, and that waste material may be carried 

[ away. It is eSected by the heari;, which is a muscular 

' organ divided into four cavities, between which valves 

I arranged that the blood can pass in one di- 

i rection only. There are two auricles and two ven- 

[I triclen. The right auiicle and ventricle receive 

s blood, and transmit it to the lungs, where it 

l;jiaFtB with carbonic acid gas, and takes up oxygen, 

nnd then returns to the left auricle and ventricle. 

This is termed the lesser or pahnonic circulation. 

The left auricle and ventricle receive the arterialised 

or osygenated blood, and transmit it to the system 

at large, from whence it is returned to the right 

I auricle and ventricle. Tbis is termed the greater 

[ or syalem,ic circulation. The heart, therefore, although 

* to outward appearance a single organ, is in reality 

double^ the two halves being united for economy of 

Space, and beating simultaneously. 

ActioD of (be heart.— The heari^ beate about 

70 times in a minute, and tlie phenomena that may be 

observed are the following ; In the first place oon- 

I traction and relaxation succeed each otber in regular 

j order. The period of contraction is termed the gystole 

1 of the heart, the period of relaxation diastole. TiiQ 

' two auricles contract Bimultaneously, then the two 

L Tentriciefl contract aimnltaneously, and then there ia 

a pause. This constitutes one entire revolution of the 

[ heart's action. If the heart be carefully exami 
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m(M, in the cheat of an animal from which the cheat 
walb have been in part removed, it wiU be seen that 
the systole commences with a contraction of the great 
veins at the base of the heart, which rapidly extends 
over the auricle and ventricle. These become hard and 
prominent, the apex of the heart is tUted forward, and 
tlie whole heart turns a little to the right, ho that 
more of the left ventricle is visible than before. The 
upper part, or base of the heart, descends to a small 
extent, but the apex remains nearly at the same level, 
because its descent, occasioned by the recoil of the 
great arteries, is compensated by the shortening of 
the whole heart. The cessation of the contraction is 
sudden, and the heart becomes flaccid. The impulse 
of the heart against the chest walls is coincident with 
the contraction of the ventricles. The duration of 
the several phases of the heart's action is for the con- 
traction of the auricles, a little more than one-tenth of 
a second ; for the contraction of the ventricles, about 
four-tenths ; and for the pause, a little less than five- 
teuth.?. 

The accompanying di^;ram shows the cardiographic 
tracings obtained by means of small elastic bags intro- 
duced into the cavities of the heart, and of a tambour 
applied to the chest wall The upper line gives the 
variations of pressure in the right auricle, the middle 
line those of the right ventricle, and the lower one 
the impulse of the heart against the chest. The rise 
of the line shows an increase of pressure, and is in- 
dicative of contraction ; its fall shows the period of 
relaxation and diminution of pressure. 

From a study of these tracings, it may be seen 
that the auricle contracts before the ventricle, and 
that its contraction is not synchronous with the im- 
pulse of the heart, but precedes it. The contraction 
of the ventricle, on the other hand, coincides preciaeJy 
in point of time with the impulse of the heart. It 



iH seen, also, that the systole of the auricle is sharp and 
aliort, the line rising auildciily, ami as suddenly falling ; 




r, with some alight untiulationa, for 
some time, then Riowly rises as the veins continue to 
I deliver tlieir hlood into the auricle. It is seen, further, 
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that the auricular contraction makes itself perceptilile 
by H siiglit rise in the venti-icular tracing ; that the 
ventricular systole immediately follows, and is long 
Bustained By proper arrangements it may be demon- 
etiut«d that the contraction of the two ventricles i 
jirecifiely synchronous. 

Course of tbe blood tlirongh the lieiut, 
and action of the valves. — The blood, during 
the period of diastole of the heart, swiftly tills the 
right and left aitriclea, and a certain quantity passing 
through the tricuspid and mitral valves, enters the 
right and left ventricles. The auricles then contract, 
and, owing to liie peristaltic character of the contrac- 
tion, which proceeds from the great veins towards the 
auricles, and then extends over the auricles themaelves, 
drive tlie blood into the ventricles and distend them 
fully. The tricuspid and mitral valves float up, and 
are instantly rendered tense by the contraction of tlie 
ventricles, preventing any regurgitation of blood into 
the auricles. The effect of the contraction of the ven- 
tricles is to drive the blood they contain into tlia 
pulmonary ai-tery and aoria, bursting open the previ- 
ously closed semilunar valves at the orifices of these 
vessels, and as tlie resistance is great, the contraction 
is long and vigorous. The diastole follows, and the 
recoil of the walls of the over-distended B.rteries effects 
the closure of the semilunar valves, and the whole 
cycle recommencea. 

Sounds of the heart. — When the ear is 
plied to the chest, over the region of the heart, two 
sounds are heard ; one dull and prolonged, wliicli is 
the first sound ; the second short and abrupt, which 
is the second sound. The causes of the £rst sound 
are essentially the vibration of the auriculo-ventricular 
valves when made tense by the contraction of the 
ventricles, with the comniencenient of which it c 
cideu j and secondly, the sound produced by the 
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miiscular contraction of the walla of the ventricles. 
The composite nature of tlie causes producing the 
irat sound haa been demonstrated by Wintrioh, with 

aid of appropriate resonators \ and although some 
>jection h^ been raised as to the acceptance of the 
iuscular sound as a cause of the tirat sound, on the 
ground that the contritction of the heart muscle has 
been, shown to be a single shook, wliioh ia not sufficient 
to produce a series of vibriitions recognisable as a 
sound, jet the very prolonged character of the con- 
traction must be admitted to modify the conditions. 
The cause of the second sound is the vibration caused 
by the sudden tension of the semilunar valves, at the 
orifices of the aorta and pulmonary artery, the former 
of which closes from ^th to ith of a second earlier 
tliam the latter. If these are hooked back by a bent 
needle introduced through the wall of the vessels, 
the sound ceases to 1« audible. The first sound is 
most distinctly heard at the junction of the fifth 
rib with the sternum, and a little above and to the 
inner side of that point ; the ventricular wall is 
here near the chest wall, and the moving column of 
blood in the ventricle conducts the sound towards 
it. The aortic element of the second sound is best 
differentiated at the attachment of the first rib to the 
)temum on the right side. The pulmonary element 

heard moat distinctly over the second intercostal 
of the left side, just external to the border of 

sternum. 

The impulse of tlie hearU— -This is the sen- 
ition which can be perceived with the eye and felt 

the hand when it is placed against the wall of the 
the left side, and which is particularly evi- 
dent when the lingers are pressed into the fifth inter- 
costal space, in a circumscribed region about midway 
between the left edge of the sternum and a vertical 
(ine drawn through the left nipple. It is caused by 
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the sudden pressure, due to the thickeiiiug and hard- 
ening of the heart in contraction against the ■wall of 
the chest. It is most perceptible when the hody is in 
the prone position, and in complete expiration. On 
the contrary, it becomes faint or imperceptible when 
the body is lying on the back, and a full respii'ation is 
made, because the heart ia then separated from the 
chest wall by the inflated lung. 

The accompanying diagram is a tracing of a normal 
impulse. TJie part included from a — fi, i-epreaents the 
contraction of the auricles. Tlie rapid ascent of the 




' line from 6— c is produced by the contraction of the 
Tentricles, and is coincident with the first sound of the 
heart. The line then suddenly descends, but shows at 
d and a slight elevations, which are synchronous with 

I the second sound ; d con'esponding to the closure of 

[ the aortic, « with the closure of the pulmonary valves. 
From «—^ corresponds with the period of diastola 

Frequency of cardiac pulsation.— Varia- 
tions in the frequency of the beats of the heart are 
essentially due to shortening or prolongation of the 
pause, the period of contraction remaining tolerably 

I constant The frequency of the heart's beats bears a 
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certain relation to the resistance offered to the exit of 
the blood from its chambers ; with slightly increased 
resistance the beatia more rapid, but bejond a certain 
point becomes alover ; with dimimsbed resistance it is 
accelerated, hence it becomes very rapid when much 
blood ia lost. At birth, the number of beats is about 
140 ; at the expiration of the first year it is 120, at 
the end of the second year, 1 10 ; dnring middle life it 
varies from TO to 80, and in old age it again, becomes 
slightly accelerated. It ia slower in man than in the 
woman. Position of the body distinctly affects it, the 
beats being aboat five per minute more numerous in 
the sitting than in the recumbent position, and ten per 
minute more numerous in the standing than in the 
sitting posture. This is probably the result of a 
greater number of muscles being called into play ia 
the sitting and standing than in the recumbent position, 
for it is found that all active muscular exertion in- 
creases the frequency of the beats of the heart, 
probably by driving more blood to the heart, and thus 
stimulating it to more active work. The same expla- 
nation may be afforded of the increased frequency of 
the heart's beats that occurs when active digestion is 
in progress, especially when alcoholic beverages are 
used in moderation, and the society and conversation 
are bright and cheerfuL Increased temperature of the 
blood increases the rapidity of the heart's action, 
hence in part the rapidity of the pulse in febrile 
conditions of the system. 

Force exerted by the heart. — The entire 
force exerted by the heart is very great. That of the 
ventricles has been estimated at about 124 foot-tons 
daily. The left heart having to drive the blood 
through the whole of the systemic capillaries, as well 
as through the double circulation of the Kver, is much 
more powerful than the right heart, which has only to 
propel the blood through the lungs. Hence ttve, -^aJOsa 
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o£ the left heart are much thicker than those of the 
right, and, as might he expected, the left heart hecomea 
thicker and stronger during pregnancy, when it faEia, ia 
addition, to supply with blood the enlarged uterus and 
the placenta. 

The nervons mecbanlsin of the heart. — The 
heart has nerve ganglia in its suhatanco, and receives 
nerve fibres which are in communication with these 
gBnglia,fronitheaynipathetic and from the vagusnervea. 

(a) Intringic innervation of C/ie heart. — If the 
heart be removed from the body, and its nutrition 
maintained by supplying it with defibrinated blood, it 
will continue to contract rhythmically for some time. 
It is evident, then, that it has a nervous system in its 
walls, which is capable of acting automaticully, that is, 
of responding to excitations generated in the heart 
itself ; and this is supported by the results of micro- 
scopical examination, which shows that scattered ganglia 
are to he found in the substance of the base of the 
heart, and in the frog especially in the auricu I o- ventri- 
cular fiirrovr, and near the point of opening of the vena 
cava into the auricle. The apes of the heart contains 
no ganglia, and Ludwig noticed that if thia be SRvered 
from the heart, its movements cease ; whilst the rest 
of the heart continues to beat rhythmically. He hence 
concluded that the above-mentioned ganglia acted as 
centres. Stannius performed another experiment on 
the frog. He applied a ligature to the venous sinua 
leading to the right auricle, at the level of the ganglia 
that are found at this spot, and which are known as 
the ganglia of Keroak, and the result was that the 
movements of the heart were at once Hrrested ; but if 
a sncond ligature were applied to the heart at the 
auriculo -ventricular furrow, where a second set of 
ganglia, known as the ganglion of Bidder, are found, the 
heart recommenced to beat, Stannius concluded that 
there were two kinds of ganglia at these points, the 
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met", when stimulated, which he believed to be the 
fc of the ligation, presiding over the arrest of the 
mart's action, the latter when stimukted causing it to 
contract rhythmically. Othere, however, admitting 
the facts given by Stanaius, have given a different ex- 
planation ; holding that the ligature does not act as a 
stimulus, but destroys the gsnglia in queation. On 
this view the ganglia of Eemak are the motor ganglia 
of the heart, whilst the ganglia of Bidder are the ar- 
[, or inhibiting ganglia. Hence, when the 
_ _ 1 of Kemak are destroyed by the ligature, the 
i inhibiting ganglia continue to act, and the heart 
K3tops ; whilst, when the action of these ganglia is 

y the second ligature, the heart recommen- 

B to beat, in response to impulses emunating from 
battered ganglia in the heart's substance. Gaakell 
lad others have shown that even the apex may, when 
iiiysiologically severed from the rest of the heart, be 
Bade to contract rhythmically. 

") Hxtrinsic innervation of the heart.- — The heart 
es nerves from two aonrces ; from the vagus, and 
firom the sympathetic. 

Inkiintonj nsrues of the /wari!.— The vagus has a 
special action on the heart, and this influence is of 
interest because it was the first example known in 
phich a stimulus applied to a nerve supplying a 
sole causes not contraction, as in most other 
bances, hut relaxation, or rather ssems to be able to 
■prevent its contraction, thua exerting what ia named 
an. arresting or inhibiting influence on muscle. This 
action of the vagus on the heart was recognised in 
1843 by the brothers Weber. They observed that 
. when the vagus waa stimulated the heart ceased to 
contract, and remained flaccid or in a state of diastole, 
and this has been found to be the type of many 
other cases. The relaxing influence is not exerted 
rsistently, for after the application of the elvaAt^Awi 
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of a galvunic battery for a few seconds, the heart 
begins again to contract rhythmically. The inhibitoiy 
action is exerted both directly and ■■etlectoriaily, as may 
be shown by direct preaaure oo the vagna in the neck, 
but more easily and distinctly by dividing the vagns on 
one side, and Btimulating first the distal and then the 
proximal stump of the nerve; arrest of the heart's action 
occurs in both instances, in the former case owing to the 
impulse travelling peripherally to the heart, and in 
the tatt«i- instance to its pa/ising upwards to the 
medulla oblongata, and then down the opposite nerve. 
One or two contractions of the heart, representing 
a latent pieriod, intervene between th? application of 
the stimulus to the vagus, and the arrest of the cai'diac 
beats. Division of the vagus on one side does not 
materially alter the heart's action, but division of both 
vagi causes acceleration. The iy^kHntory centre is 
excited (t) by a deficiency of blooil, and therefore of 
oxygen in the medulla oblongata, as occura in sudden 
and great htemorrhage ; (2) by increase of blood 
pressure in the cavity of the skull, as may easily be 
shown by com])ressing the abdominal aorta of a rabbit, 
or by arresting the flow of blood in the great veins of 
the neck, and this influence of vaiiation in blood pres- 
sure and quality of blood on the inhibitory centre ia 
of importance, since it preserves the brain from exces- 
sive blood supply, and prevents also the heart from 
exhausting itself by too frequent contractions. The 
inhibitory centre may also be excit«d by increased 
venoaity of the blood ; hence the slight diminution of 
the frequency of the heart's action during the inspira- 
tory phase of the respiration ; (3) by mental emotions, 
as fear, joy, and surprise, all of wliich may lead to 
slowing or even to ari*est of the heart's action. 

The inhibitory centre may also be excited refleo- 
torially ; (1) By stimulation of certain visceral nerves ; 
thusj if a frog be smartly slapped on the belly, thu 
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heart stops, though if the vagi be previously divided 
such stoppage occurs ; (2) by stimulation of almost 
imy sensory nerve, that is, by pain ; (3) by stimulation 
of the proximal stump of one vagus ; (4) by sudden 
inflation of tiie lungs with atmospheric air, which 
lowers blood pressure. 

Certain poisona, a^ curare, atropin, and nicotin. 
suppress the action of the vagvis on the heart, and 
ansesthetics generally diminish its inhibitory influence, 
which is fortunate, since it prevents the occurrence of 
arrest of the heart's action in operationa accompanied 
by much pain, which is well known to depress the 
action of the heart. On tlie other hand, muscarin 
and digitalis excite the vagus, and lead to arrest of 
the heart's movement. 

Inhibitory centre. — The inhibitory fibres seem 
to arise from a centre situated in the lower part of the 
meduUa oblongata, in common with those of the spinal 
Accessory nerve, and to pass along the anastomosing 
branch between the two nerves into the vagus ; since, 
a the spinal accessory be divided at its origin, the 
[inhibitory power of the vagus in the course of a few 
days can no longer be excited. It has been suggested 
fby Schiff that the vagus is an ordinary motor nerve, 
•which is, however, very easily exhausted, but the 
renewed rhythmical contraction, during the continued 
application of the stimulus contradicts this view. 

Depressor nerve of the heart.^In the rabbit, 

horse, dog, anti cat, and probably also in man, a small 

"lamejit springs by two roota, one from the vagus, and 

other from the superior laryngeal nerve, and applies 

' " to the sympathetic nerve. This nerve is sensory; 

;af it be cut, no ofi'ect is obseryed to follow stimulation 

'f£ ite peripheral extremity, but if the proximal extre- 

Ity is stimulated the animal gives signs of pain, the 

leart's action is accelerated, and the pressure of the 

Jood in the vessels undergoes remarkable diminutiflis.. 
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Accelerating: nerves of the heart. — -If the 

medulla oblongata, or the lower segment of the spinal 
cord, after its division in the oeck, be stimulated, the 
heart's action is accelerated; an accelerating centre 
therefore aunaised to exist in this region. The accele- 
ration takes place even after the division of the 
Bplanchnica, showing that it is not due to diminished 
tone of the vascular system generally, and there 
evidence to show that fibres arising from the medulla 
oblongata and upper part of the spinal cord, emerge 
from the cord by the lower cervical and upper dorsal 
nerves, and enter the first thoracic ganglion of the 
sympathetic, from whence they pass directly or 
indirectly into the cardiac plexus, A few fibres 
appear also to run in the trunk of the vagus, as may 
be shown by stimulating the distal stump of the 
divided vagua, after the inhibitory fibres have been 
paralysed by cnrara 
. . The quantity of blood expelled at each contraction 
of the heart has been variously estimated at from three 
to five ounces. 



CHAPTER ly. 

BLOOD-VESBET.S, 

Thb blood driven out of the heart at each con- 
traction of the ventricles, enters a system of tubes that 
everywhere closed, except at the point where the great 
lymphatic ducts open into it ; the tubes vary in struc- 
ture, in accordance with the statements made in the 
companion volume to this, on "Histology," and are 
named respectively arteries, capillaries, and veins. The 
arl«rKS dividing, but without intercommunication, 
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J the blood to every part of the body, and gradually 
b up into capillaries, or fine, hair-like vessels, that, 
uBciy anastomosing in the substance of each tissue and 
organ, supply it ■with blood, and then unite to fomi 
tjie veim, the function of which is to conduct the 
blood to the auriclea ; those commencing in the langs 
ending in the left auricle, and those of the body at 
large in the right auricle, from which the blood passes 
into the oorreaponding ventricles to begin its circu- 
lation anew. The right auricle, right ventricle, 
pulmonary artery, pulmonary capillaries, and pulmo. 
nary veins form the pulmonary, or lesser circulation. 
The left auricle, left ventricle, aorta, systemic arteries, 
capillaries, and veins terminating in the two vense 
cavBH, form the greater or syatemic circulation. In 
the exceptional case of the portal circulation, the 
great vein named the portal vein, formed by the 
coalescence of the veins arising in the intestines and 
other viscera of the abdomen, breaks up like an arter^ , 
int« smaller vessels, which again unite to form the 
hepatic veins, and conduct their blood into the inferior 
vena cava. 

The Arteries. — The arteries are highly elastic 
and contractile, properties which they owe to their 
Btracture. Their ulaaticity permits them to yield, 
without danger of bursting, to the sudden increase of 
the strain upon their walls which occurs at e-ach stroke 
of the heart, whilst it enables them to accommodate 

1 themselves easily to the various movements of the 

It has the further effect of converting the 

irmittent flow of blood in the large arteries, oon- 

juent on the cardiac beats, into a uniform and con- 

itant current in the capillaries. Their contractility 

confers upon them the power of adapting themselves 

to the vai'iable quantities of blood the vessels contain, 

and at the same time, as it is under the influence of 

system, it enables that RyRte.m\n wiT.''it"Si. 
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the amount of blood supplied to each tissue in accord- 
ance with its requirements. 

Ag'ents aidJn^ the movements ortbe blood. 

— The mopement of the blood is promoted by several 
circumstances, first by the aspiration of blood into the 
thorax owing to the pressure in the chest being nega- 
tive or below that of the atmosphere, even in expira- 
tion, and still less, therefore, in inspiration. That such 
negative pressure exists may be shown by opening the 
cavity of the pleura, when the lungs are seen to con- 
tract, ahowing that under ordinaiy circumstances they 
are permanently dilated beyond their natural state, 
and therefore must tend to draw the blood into the 
cheat both by the vente cavte and by the aorta ; but 
the effect is much more marked on the thin-walled 
veins than upon the thick aud strong-walled a,orta^ 
and more blood would therefore enter by the veins even 
if there were no valves to the aorta. Secondly, by the 
sudden action of the heart in diastole ; thirdly, ly 
the compression of the veins possessing valves during 
niuscular exertion. The influence of the valves is 
easily intelligible, for if a vein destitute of valves 
crossed a muscle, the muscle becoming thicker on con- 
traction would compress it against adjoining parts, 
and the blood would flow in both directions, but if 
valves are present the backward flow is prevented, and 
the blood moves in the forward direction only. 

Blood pressnre. — The pressure of tlio blood in 
the vessels ia the result of the force with which the 
blood is driven into them by the hesirt, and of the 
resistance that is offered to its onward movement. 
An old experiment, dating Imok to the time of 
Bemouilti, shows the gradual decrease of pressure in 
lubes with open mouths, and that there is an inclined 
plane or fall, the steepness of which regulates the velo- 
city of the curi-ent in each part of its course. If a in 
Fig. 4 be a cylindrical reservoir, filled to A with fluid. 
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and f( 6 a horizontal tube to which several vertical tubes, 
1, 2, and 3, are attached, it will be seen that aa the 
point of outflow V is reitched the Literal [iressTire of the 
fiuid against the walls of a, aa measured bj- the height to 
which the fluid rises, di D2 03, progressively falls. If 
F were closed the fluid would immediately rise in each 
' the vertical tubes to the level of the fluid in the cylin- 
A, and would remain stationary ; but the raotnent v 
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opened the fluid begins to move, and its level in the 
several tubes falls in a regular order from the level A in 
the cylinder a to the level of the mouth of y ; the fluid 
would only again become atationB,ry, if tba discharge 
fcrom F continued, when it had fallen to the same level 
If, instead of the tube b F, the tube a b pro- 
an open mouth at 6, the fluid woidd of course 
ktinae to flow, and the pressure of the fluid in the 
Vertical tubes would fall to zero. If we consider each 
of the vei-tical tubes separately, it is seen that a 
reeiatanee in front counteracts part of the pressure 
exerted by the column of water in a, and that this 
iKsistancfe decreases towarfs the outlet, Tliet'^^XwcviW) 
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is attributable to the friction of the fluid against the 
whJIh of the tube, and this is necessarily greater at I 
than at II, and greater at ii than at in. Hence the 
difierences in the level of the fluid in the diEFerent 
tubea. In the above diagram a represents the heart, 
and I, n, III diflerent parts of the arterial system. 
If the arteiiea were a system of rigid tubes, and had 
no outlet on the side of tlie capillaries, it would be 
impossible for the heart to drive any blood into them, 
for fluids are imeompreasible, and no movement of the 
blood would occur ; but the pressure of the blood 
against the walls would be increased during the heart's 
beat in exact proportion to the force of that muscle. 
I^ however, instead of being rigid tubes the arteries 
were elastic tubes, and had as before no outlet on the 
side of the capillaries, the heart would be capable of 
discharging its blood into them for a few beats, be- 
cause the elasticity of the walla would permit them to 
yield and enlai^e, but the pressure of hlood would 
I continue to rise at each stroke of the heart until the 
limit of their resistance was overcome and they gave 
way, or until the resistance ofiered to the entrance of 
more fliud was equivalent to the force which the heart 
could exert. But if, as is actually the case, the 
arteries are highly elastic tubes which terminate in a 
plexus of capillaries, it is clear that whilst at each 
stroke of the heart the pressure of the blood ia raised 
throughout the arterial system it must necessarily fall 
during the interval between two beats because the 
blood ia escaping by the capillaries. Pressure exists 
against the walls of the vessels, because at any moment 
and in any part, except in the veins close to the heart, 
the quantity of blood contained in the vessels is greater 
than they can contain if their elasticity is not called 
into play, and the diflerence of pressure in diflerent 
parts is practically the cause of the motion of the blood. 
Tlie pressure in the aorta, termed the hlood pressure, 



1 






'.] Blood Pksssvre. 39 

13 greatly exalted at each stroke of the heart, but 
rapidly falls during the diastole as the blood escapes 
through its branches into tl:e smaller arteries, and 
from thence into the capiUaries. The mean blood 
pressure is the pressure which a manometer attached 
to the aorta would indicate when a line is drawn mid- 
way between the highest and the lowest pressure. 
The pressure necessarily falls in passing from the 
larger to the smaller vessels, because the resistance is 
lessened, a poilion o£ the cuiTent being directed 
through lateral channels, and heace the arterial pre»- 
mire or tension, which is the pressure exerted by the 
blood in any particular vessel, is determined by the 
force wiLh which the heart drives blood into the arte- 
rial system, and the resistance which opposes the exit 
of blood from that system. 

The influence of the loss of blood on arterial pres- 
sure is remarkable ; if only moderate in amount the 
effect ia scarcely observable, for although the blood 
escapes readily from the arteries, and the result might 
therefore be expected to resemble that of dilatation of 
the capillaries, and to be a fall of arterial pressure, 
yet this does not occur to a marked extent because 
deficiency of oxygenated blood in the nerve centres 
Btim.ulatea them to action, and the smaller arteries 
everywhere contract, and thus the arterial pressure is 
maintaiued nearly at its normal amount. If, how- 
ever, the loss of blood much exceeds 2 to 3 per cent. 
of the totdil weight of the body the power of ^e heart 
fails, and the blood pressure suddenly falls. 

The blood pressure can be materially augmented 
by the transfusion of the defibi'inated blood of ano- 
ther animal, which acts by filling the vessels and 
increasing the resistance offered to the introduction 
of more blood into them at each systole of the heart 

The great size and distenstbility of the abdominal 
''a them to act as important regulatora it 
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the arterial pressure. When much fluid is added to 
the blood either by transEusioa or abaorptiou, it accu- 
mulates in. these veins. When the general arterial 
system contains a deficient supply of blood they con- 
tract and maiutain the normal pressure by propelling 
the blood they contain into the general circulation. 
A remarkable enperiment shows that this really 
occurs, for if the portal vein be ligatured, the blood 
continues to enter the abdominal veins but is unitbje to 
escape, and so much may thus accumulate that the 
blood pressure may sink to zero, and the nnimal dies, 
having bled itself to death in its own visceral veins. 
If the ligature be relieved before this result occurs, 
the normal pressure is soon recovered. 

The pressure of the blood steadily decreases in 
passing frem the larger to the smaller ai-teries ; thus 
if in the carotid ai-tery it is 150 mm., iu the meta- 
tarsal artery it will not much exceed 100 mm. The 
, reason that it (alls to a certain extent is because 
the tcitat sectional area of the small vessels is greatly 
in excess of the piimary trunk from which they are 
derived, and hence the blood is moving in a wider 
channel, and the only reason that it does not fall still 
lower is because the friction of the blood against the 
walls of the vessels is bo much greater in the small 
vessels than in the larger ones. 

Whatever increases the resistance to the flow of 
the blood through the vessels increases the pressure of 
the blood ; thug, ligature of one or more large vessels 
by diminishing the outflow in that direction increiises 
the pressure in the rest of the system. So again, con- 
striction of the smaller arteries, as by the action of 
cold, or by tlie initation of vasomotor nerves or centres, 
raises the pressure. 

On the contrary, whatever facilitates the flow of 
blood from the arteries into the capillaries lowers the 
pn-'ssure of the blood in the artei-ies. Thus, warmth 




The Pulse. 

applied to the surface, by relaxing the 
permits the large arteries to discharge t 
and the presaui-e fallu. The same r< 
division of the vaso-conatrictor n 
of the splanchnics. 

'i'he Ptrise* — -When, the finger is placed upon any 
artery and light pressure made, a beat oi' shook is felt, 
which is caused by the systole of the heart. With each 
systole from three to five onnces of blood are forced 
into a system of elastic already distended tubes, and a 
wave, which is quite different from the translation of 
the blood inject-ed, ia consequently propagated from one 
end of the body to the other. The whole arterial 
system becomes suddenly tightened and yields a 
little to make room for the additional quantity of 
blood forced into it. The pulse, as it ia felt at the 
wriat, or on the temple, or on the dorsum of the foot, 
is the effort of the artery to recover its cylindrical 
form, when it has been compressed against the hard 
subjacent tissues, and temporarily flattened. The 
lateral expansion of the vessels is so small that it ia 
inappreciable to the finger when they are surrounded 
on all sides by soft tissues. Hence, in operations, when 
it becomes necessary to tie a vessel its pulsation cannot 
be felt unless it can be compressed against some hard 
tissue as bone. The wave excited by the systole of the 
heart, which must not be confounded with tlie 
rapidity of movement of the blood itself, takes 
time to propagato itself to the more distant parts 
of the arterial system, as may be shown by 
the apiilication of two sphygmographs to the limb, 
at parts as remote as possible fiom each Other, and 
has been ascertained to vary, according to the con- 
dition of the amerial walls, from 6 — 12 meters, per 
second, the velocity being somewhat greater in the 
vessels of the lower limb than in the upper, ap()arently 
MOD account of the more rigid nature of the walls if. t\sa 
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^^H vessels in the lower limb. For the same reosoa it is 
^^H Rtther more rapid in old people than in youth. As 
^^H the wave is propagated through the arterial system, it 
^^K becomes less and less marked. Stroiig, and of great 
^^B wnplitude in the aorta, it is gradually extinguished in 
^^Bthe smaller vessela, and is ultimately lost in the 
^^B capillaries. 

^^V The rapidity with which the pulse wave is propa< 
^^H gated may be modiSed by two conditions. Every 
^^r increase of resistance to the flow of bluod by tightening 
the vessels or raising the arterial tension accelerates 
tbe passage of the wave ; but, on the other hand, this 
very increase of the arterial tension renders it more 
difficult for the heart to dischai^e its contents quickly. 
It propela less blood into the arteries at each pulsation, 
and the waves are ot less volume, and are formed 
more slowly. On the other hand, when the arterial 
tension is low, that is, when the arteries are less tightly 
filled, this cause of the slowing of the wave is com- 
pensated by the more easy and, consequently, more 
abundant and brisker penetration of the ventricular 
blood into the arterial system, and the waves travel 
correspondingly faster (Marey). And these two con- 
ditions usually compensate each other in health. 

The form of the pulse wave, as it is exhibited in a 
sphygmograpbio tracing, presents cei-tain general fea- 
tures, whilst there are others which belong to the par- 
ticular artery examined, to the character of the cardiac 
contractions, the quantity and quality of the blood, 
and to conditionB of the system at large. The features 
(M>umou to all sphygmographic ti-acings of the pulse 
are, that there is a more or less sudden rise of the line 
indicating the commencement of the wave, a more or 
I lees pointed summit, indicoiting the period of greatest 
I tension of the arterial wave, and an obliquely desceud- 
I ing line indicating the gradual reduction of the arterial 
f tension as tlie blood escapes from the arteries into tlie 



^H tint 

^m thii 



iv.i Tjiacing of the Pulse. 43 

fapiUarisB. The descending line usuaUy shows a dis- 
tinct secondary or dicrotic wave, and occasionally a 
third or tricotic wave. The accompanying woodcut 
shows the form of the radial pulse of a healtliy young 
person at rest, and is of a typical character. The systolic 
phase presents two inflections ; the first, b, foi-ming the 
eununit of the pulsation, is at the end of the vertical 
line ; it does not constitnte a sharp point as in those 
where the arterioles and their capillaries allow 
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the blood to pass only with difficulty, and when the ar- 
terial system suddenly reaches its maxinmni of tension, 
but is rounded. This auniniit is followed hy a wave c, 
which precedes the dicrotic wave d. The wave e has 
attracted much attention, and some authors hold their 
opinion in reserve, but Marey regards it as the end of 
the systolic plane, which in B is shown by a dotted 
line. The descending portion of the line corresponds 
to the diastolic phase of the pulse ; it expresses, by its 
more or less rapid fall, the greater or less rapidity with 
■which the blood flows from or out of the ai-terios. The 
commencement of this is marked by the dicrotic 
rebound, which is never absent when the sigmoid 
perfect, though its amplitude varies 
,tly. The namber of subsequent waves increases 
pulse and high arterial tension^ but ttLWj 
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are auppreaaed witli the entrance of a freah wave H 
iroxa the heart Fig. 5 exhibits three spliygiiio- H 
graphic tracings of the pulse. When the heart dia- ■ 
charges ita blood into the arteries briskly the line of H 
ascent is nearly vertical, for the recording cylinder of H 
the sphygmograph has had but little time to move V 
before the artery has attained ita greatest tension. 
When the blood enters more slowly the line of ascent 
ia oblique, for the cylinder hoa had time to move before 
the period of greatest tension has arrived. The line may 
Btill be oblique if, by reason of the facility with which 



Fg. K. -Three SphygmoBCaphio Tracinga of different (onn. In eBch 
tbe peciod ol YimtriculLr %iit«Is 1» marked bj ^enJcul lioea. 

the blood escapes from the arteries into the capillaries, 
Bome time elapses before the arteries become quite dis- 
tended. The ascending line may present an undula- 
tion, as in cases of insuificiency of the aortic valves, 
and the atheromatous arteries of advancing age, in 
which the elasticity of the wall is diminished so that 
it reaches its limit before the systole is completed, and 
tile heart drives out the last portion of its contained 
blood with a protracted effort 

The summit of the curve indicates the period of 
greatest tension of the arterial wail, and if duttened or 
rounded shows that a condition of equilibrium lias 
been established between the afBux and outflow of 
blood from the arteries. 

The descending line indicates the dimintition of 
arterial tension ; the period of systele or diminution 
of calibre of the arteries, and the escape of the blood 
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a theEB vesselH into the capillaries. It is marked 
I secondary rise, the dicrotic wave. Tliis wave is 
BBoaed by the sudden clostive of the sigmoid valrea. 
'b the time which the wave occupies in traversing its 
TO length ia equal to the duration of the exciting 
BBnse, which is the contraction of the systole of the 
intricle, and which is known to occupy about -J- of a 
condj the length of the wave, supposing it to 
move at the rate of 6 meters per second, would be 
3 meters. But the distance from the heart 
to the most distant capillaries is never equal to 2 
meters, the whole of one wave, therefore (from one 
crest, that ia to say, to the next), is never in 
the arteries at any one momenta When the 
systole of the heart is completed, and the ventricle 
has propelled the whole of its blood into the aorta, 
the primary pulae-wave ia propagated throughout 
the system ; but instantly succeeding this, the elasticity 
of the highly elastic aorta, over-distended with the blood 
just driven into it, begins to act, and tebds to force the 
blood both forwards and backwards, but the backward 
movement is promptly stopped by the closure of the 
sigmoid valves, and a rebound of the blood takes 
place from them, analogous to the shock which is felt 
when a tap through which water is running is suddenly 
turned. This shock is shown by the dicrotic rise in 
the descending line of the sphygmographio curva If 
the sigmoid valves are held back it vanishes. It ia 
rendered more prominent by the sudden entrance into 
the aorta of the ventricular wave, by its small volume, 
and by feeble arterial tension. The conditions under 
which several secondary waves may bo observed are, 
^^^mliea. the pulse is alow and the arterial tension is high. 
^^^L The volume and strength of the pulse depend on the 
^^^■brce of the cardiac beats, the quantity of the blood, 
^^^|be degree of arterial tension, and the greater or lesser 
^^^Basticity of the arterial walls. Cmteris paribus^ if tb.?. 
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Iiea.rt beats strongly, tbe pulse is large euitl full, as in 
a healthy man after moderate exercise. la certain 
inflammatory affeotiona, on. the other hand, aa in peri- 
tonitis, the action of the heart is depreaaed, and the 
pulse becomes small and weak. In old people the 
arteries become rigid, their elasticity quickly reaches 
its maximum, and the heart is feebler than in youth. 
Hence, the pulse ia sharp and comparatively weak ; 
yet, because firm walls are not easily compressed it is 
hard. A cold bath, by driving much blood from the 
capillaries of the skin into the rest of the system, 
and thus increasing arterial tension, renders the pulse 
sniall and hard ; whilst a warm bath, by facilitating 
thepassageof blood from the arteries into the capillaries 
lowers the arterial tension and makes the pulse full 
and soft. Mere alteration in the position of a limb 
will even cause a difference in the character of the 
pulse in it. Thus, if the arm be raised, the pulae 
becomes more distinct, and the amplitude of the 
sphygmographic tracing is greater, because arterial 
tension is diminished, whilst, if the ana be lowered, 
the pulse tracing becomes almost a continuous straight 
line, with buttrifling elevations and depressions, because 
the tension is increased. Lastly, htemorrhage, before 
the heart is exhausted, greatly increases the amplitude 
of tie sphygmographic tracing by lowering arterial 
tension. 

The velocKr of the blood current.— The 
velocity with which the blood moves in the veaaela has 
been estimated in various ways. In the first place {1 ) 
there is the method of Blake and Hering, in which 
the time occupied in the passage of a particular salt, 
as potassium feiTOeyanide, from one jugular to the 
other is determined ; in the horse, it ti-averses the 
double circulation in thirty seconds ; in the rabbit, 
in seven seconds. But this only gives the duration 
of the circulation as a whole, and affords no indication 
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the time occupied by the blood in passing through 
y particular vessel, whether artery, capillary, or 
in. For this purpose special instruments have been 
devised. In the arteries and veins the rapidity of 
the blood current may be approximately determined : 
(2) By the hamodroTnoTneter of Volkmann, in which 
by a simple arrangement the current of blood coursing 
through a tube of glass inserted between the extre- 
mities of a divided artery can be suddenly diverted 
into a long bent tube, also made of glass, and the 
rapidity of its passage noted. (3) By Ludwig's 
itromnhr, in which the time occupied in filling a tube 
of known capacity is measured. (4) By Vierordt'a 
hiBmatockcmeter, in which a email cell, from the 
upper wall of which a light ball is suspended, is intro- 
duced between the cut ends of an artery; the deviation 
of the ball from the perpendicular shows the strength 
of the current (5) By Chauvenu's hBeraodromometer, 
in which a short tube of glass occupies the interval 
between the cut extremities of the artery, and has in 
ite interior a small circular disk to which is attached 
an indicator that passes through the wall of the tube 
and registers its movement on a scale ; the wall is the 
fulcrum, the current of blood acting on the disk moves 
it in one direction and the indicator moves in the 
other. (6) By Chauveau'a h^modromograph. (See com- 
panion volume on " Physical Physiology.") By one 
or other of these methods, but especially by the last, it 
is seen that the flow of blood in the arteries is con- 
tinuous, but undergoes great periodical accelerations. 
It is swifter in the large arteries than in the small, be- 
cause the sectional area of the small arteries is much 
greater than that of the larger ones ; the stream, taking 
them collectively, is wider, biit as there are more chan- 
nels, the friction is greater. Any obstacle, such as pres- 
sure, presented to the passage of the biood in an artery 
'i the current of blood in that artery, whiUt \^ 
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in the other vessels. Tlie following 
diagrams from Marey show tliia clearly. The first 
(Fig. 7} shows that whilst there in a great increase, 
jjidicated by the sudden ascent of the li 
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swiftness of the blood current at ea«h systole of the 
heart, yet that it still continues to flow, as indicated 
Ly the elevation above the zero line of the line con- 
necting two waves, during the intervals of the pulsation, 
whilst it is stopped altogether when the artery is com- 
pressed, the line falling to zero. The next (Fig. 8) 
ahowathespeedof the blood current in one curotid when 
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the other is free, and the third {Fig. 9) shows the sudden 
and great augmentation, as indicated by the height 
the tracing as a whole has riwen from the basal 
line, when the opposite carotid is compressed. The 
rapidity witli which the blood moves in the caro- 
tid artery of the horse has been estimated at ahi 
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foot, pet' Beoond ; in. tLe maxillaiy 
the horse, 165 mm., or between 6 and 7 inches, 
per second ; and in the metatarsal artery of the 
same animal about 56 mm., or 2 inches, per second. 
These estiniatea are probably all too low. Speak- 
ing generally, everything which increases the force 
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propelling the blood towai-ds the periphery increases 
tlie speed of the blood current and the arterial 
tension, and vice versa. On the other hand, every- 
thing which increasPB the resistance that the blood 
experiences in escaping from the arteries diminishes 
the speed of the blood current hut increasea the 
tension. 

Movement of the blood in the capillaries. 
— Tlip circulation in ths capijlariea may be seen bi the 
web of the frog's foot, in the tongue of the frog, and in 
the mesentery of various small, warm-blooded animals 
^aced with suitable precautions agavasA (' 
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under the microscope. In tlie smallest capilloriea. the 
blood coi-puscles may be seen moving in single file, 
Beparated from the wall of the vessel by only a very 
thin layer of fluid. Some puraue a straight course, 
others enter some of the numerous lateral and anasto- 
mosing channels that exist between the capillaries. 
At the point of bifuication of the vessel the corpusclea 
Hometimea hang poised, as it were, for a moment, and 
then press on to right or left Certain capillaries 
become smaller aa they are watched, others increase 
in size in accordance with variations in the size of the 
small arteries leading to them. The constriction and 
diminution of the lumen ia produced by the cells com- 
posing the wall of the vessel becoming thicker, and 
thus encroaching upon the cavity. In the larger 
capillaries, where two or three tiles of oorpnsclea have 
room to move abreast, the comparatively heavy red 
oorpuBcleB will be seen to occupy the middle of the 
stream, whilst the relatively light white corpuscles roll 
more slowly along in the lateral and slower current of 
the liquor sanguuiis. It has been found by experiment, 
that the difference in their specific gravity leads to tliis 
difference in their position. The motion of the blood 
in the capillaries is uniform, and the flow continuous, 
no trace of the pulsation in the larger arteries, except 
under very peculiar circum stances, being perceptible. 
Tlie pulsation has, in fact, been estingitished by the 
elasticity of the arteries and by the wider area formed 
by capiilariea aa compared with the arteries. The 
rapidity of the movement of blood in the capiilariea is 
ahout 05 to 1 mm., or from yJi^tb to -^'^th of an inch 
in a second. The pressure of the blood in the oapil- 
laries, determined by the indirect method of ascertain- 
ing what pressure will empty tbe capiilariea beneath 
the finger noil, has been found to vary, according to 
the elevation of the arm, from one-fifth to one half 
flf the ordinary arterial pressure. 
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^^L- movement of the blood in the veins. — The 

^^^turent o£ the biood in the veins is formed by the union 
of the currents from thousands of capilkriea, which, 
now running in narrower channels, move more 
rapidly because the friction is reduced. The current 
ia uniform, and free from the pulsation observed in 
arteries. The only exceptions to this are the pulsations 
in the larger veins of the neck, due to regurgitation of 
blood into them during the systole of the right anricle 
and the pulsations observed when the capillaries are 
greatly dilated and allow of an extraordinarily free 
current of blood through them. Tlie heart is still the 
main driving force, but it is assisted 

(I) By the aspiration to the chest occasioned by 
the negative pressure or tendency to a vacuum which 
is there present, and which ia clearly and aometimea 
fatally shown by the rush of air towards the heart 

»when one of the veins is opened. 
V (2) By the suction jiower exerted by the heart 
puring diastole. 
(3) By movements of the voluntary muscles, which, 
pressing on veins provided with valves, favour the 
onward movement of the blood, its regress being pre- 
Tented by the valves, 

(4) By position of the limbs, which acts in a similar 
mariner. Thus Braura saw the veins beneath Pou- 
part's ligament collapse and the pressure become nega- 
tive when the thigh was rolled outwards; but fill, ajid 
the pressure become positive when the limb was placed 
in. its former positioiL 

(5) By gravity, which acts, not primarily on the 
movement of the blood, but upon its distribution, and 
therefore secondarily upon its movement 

The pressure of the blood against the walls of the 
veins is everywhere low, and gradually diminishes 
front the smaller to the larger veins. In the brachial 
Fill support a column of mercurY 9 nnti.Vv^ 
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a at the root of the neck the pres- 
" ■& from - 2 to " 
chronously with the heart's action, being of course 
creaaed during the Bystole of the heart when ite flow 
into the auricle is temporarily arrested, and from — 6 
to — 8 mm. with the respiratory acts, being increased 
during expiration. The rate of the movement of the 
blood in the large veins is probably slower than in the 
arteries in proportion to their relatively larger sectional 
area. It has been estimated at 100 mm., or 4 inches 
per second, in the jugular vein of the horse. 

Distribution of the blood. — In the living 
rabbit when at rest the experiments of Eanke seem 
to show that the whole mass of blood may be divided 
into four parts, of which one part is contained in the 
muscles, one in the liver, one in the heart and great 
vessels, and one in the remaining organs, Punctional 
activity, however, causes an immediate increase in the 
quantity of blood circulating through a part, the aug- 
mentation sometimes amounting to as much as 47 per 
cent, which may be estimated by the plethysmograph. 
Such blood is, of coui-se, taken away from other parts. 
Hence during physical exercise the muscles are largely 
supplied with blood, whilst the brain and digestive 
organs receive less, which teaches that neither severe 
bodily nor mental exertion should be made imme- 
diately after a meah 

Diapedesis. — Under certain circumstances, both 
white and red corpuscles may escape from the vessels, 
and pass or wander into the adjoining lymphatics. 
The escape of the white corpuscles appears to occur 
normally, whilst the escape of the red only occurs 
when the pressure of the blood against the walls of the 
capillaries is much increased, or when there is retarda- 
tion of the blood current, as in inflammation. In the 
case of the white corpuscles, the attraction between the 
corpuscle and the capillary wall seems to be increased, 
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orpuscle begins to bore its way tlirou^'h the wall, 
I hour-glass form, part being within and 
part without the lumen of the vessel, and it finally 
escapes altogether into the adjoining tissues. 

Peculiarities oftbe clrcnlation in different 
regions. — (1) Ths iwra^s.-^The pulmonary circula- 
tion is peculiar in having its capillaries, unlike those 
of the system generally, always under negative 
pressure, which varies according to the different phases 
of the respiratory acts. In vniipyration the mean blood 
pressure dimini^es in all the parts contained in the 
thoras, heart, and large vessels. This diminution of 
pressure favours the current of blood in the venie cavae, 
right auricle, and right ventricle, whilst it is opposed 
to the discbarge of the arterial blood from the left 
ventricle through the aorta. The extensibility of the 
venffl cavte is, however, much greater than that of 
the aorta, which is comparatively a rigid tube, hence 
the venous current is favoured, whilst tlie arterial 
current is but little interfered with. Expiration 
exerts an opposite influence. Pressure augments in 
the veins and in the arteries. The capacity of theso 
vessels, and especially of the large intrathoracic vessels, 
dimini^hea ; the arterial circulation is favoured whilst 
the venous circulation is rendered slower, and the 
heart receives less blood. 

(2) T/te brain. — The four large arteries supplying 
the brain with blood, namely, the two internal 
carotids and the two vertebiala, anastomose with 
extraordinary freedom, so that a ligature applied to 
one of them does not materially interfere with the 
nutrition of that portion of the brain which ordina- 
rily receives its supply of blood from it. The capillaries 
are very minute, and in the pia mater have a special 
sheath. The skull, being a closed cavity, retains a con- 
siderable quantity of blood, even when, from hiemorr- 

j, otiier parts of the body are ex-sanguine. 
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(3) TVie liver. — Tlie peculiarity of the circulation 
in the liver is that ita main supply of blood is obtained, 
not from an artery, but from a vein, the vena portte, 
'which receives the blood returning from the alimen- 
tary canal and its appendages, and forma a minute 
plexus of capillaries in the lobules, where it is joined by 
the capillaries of the hepatic artery. The hepatic veins 
Brian from the plexus into which the portal vein has 
divided, and conduct the blood which has circulated 
through the liver, to the vena cava inferior. The 
blood of the mesenteric, splenic, gastric, and other 
visceral arteries, passes therefore through two series 
of capillaries, before reaching the hepatic veins, one in 
the walla of the intestines, and in the substance of the 
spleen, and one in the liver. The circulation in the 
liver ia necessarily slow. The blood traversing its vea- 
aela certainly contains much new material, dii-ectly 
absorbed from the alimentary canal, and it is probable 
that this undergoes important assimilative changes In 
its course through the liver. 

(4) 27ie erectile tissues. — These tissues axe remark- 
able for the great variations in bulk they present, 
owing to changes in the supply of blood to them, and 
to the retention of the blood in their substance, 
which is efTected by the relaxation of the muscular 
tissue of these arteries, and the distension of large 
sinuses in the substance of the cavernous tissue 
which they are chiefly composed. 

The lymph and Ifrnphatics.- — A system of 
tubes ia widely distributed through the body, which, 
commencing sometimes in intercommunicating stellate 
spaces, sometimes by free blind extremities, and aome- 
times by channels surrounding blood- vessels, at length, 
after traversing one or more glanda, terminates by two 
large vessels that open at the points of junction of the 
jugular and subclavian veins. These tubes contain 
lymph, which is a transparent, slightly yellow, fluid, of 
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sp. gr, 1027. It closely resembles the liquor sanguinis 
of the blood, containing &bout 5 per cent, of albumin 
and 1 per cent, of salts, with a minute proportion of 
fat and of fibriiL It appears to be derived from the 
blood itaelf, and to be tlie Emrplua material that has 
traversed the waUs of the blood-veasela to aupjily the 
tissues, which, in some parts, as the cornea, altogether 
obtain their nourishment from it. It thus acts as a 
drainage system. But it probably, also, contains pro- 
ducts of disintegration, which, moreover, are not so 
far destroyed as to be incapable of further utility in 
the system, and hence, after being worked up in the 
glands and entering the blood, can again be made 
serviceable in the economy. The lymphatics that com- 
mence in the villi of the intestine, and form the system, 
of chyle vessels or lacteals, play an impoi-taiit part in 
absorption, and the fluid they contam, here named 
chyle, presents a whitish aspect from the molecules of 
fat that it contains after ordinary food, and is of great 
importance in nutrition. The lyniph traversing the 
rootiets of the system, has only a feeble power of coagu- 
lation, and presents few corpuscles ; but after passing 
through the glands, and especially after it has gained 
entiunce into the thoracic duct, it acquires the power 
of coagulating with tolerable firmness into a gelatinous 
clot, and it contains numerous corpuscles, some of which 
appear to be in process of development into coloured 
blood corpuscles. {See "Histology," pp. 8i — 93.) 

movement or the lyniph.^ — In some of the 
lower animals, as the eel and frog, contractile cavities 
(lymph hearts) which beat rhythmically, efl'ect the 
movement of the lymph and drive it through the 
vessels ; but none such are known to exist in man, 
though the muscular coat of the lymphatics may exert 
a feeble propulsive action. The movement of theiluid 
in the lymph 8pa«es and tubes is effected primarily by 
" e pressure under which the blood is driven by the 
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heart, but partly, also, by the pressure exerted by the 
muscles when ia contraction, aided by the valves dis- 
tributed through the system, which are especially 
numerous in the superficial vessels. Hence exercise, 
by quickening the flow of fluid, prevents the accumula- 
tion of waste products in the tissues, and promotes their 
healthy nutrition. There is, also, a suction influence 
exerted at the point where the thoracic duct opens into 
tiie junction of the subclavian and jugular veins, 
■whi^ ia occasioned by the swift flow of venous blood 
over the orifice of the duct, A slight additional force 
may be derived from the act of inspiration. The 
rapidity of the flow of the lymph ia about 4 mm. per 
second, and the pressure of the lymph against the 
walls of the larger vessels is about 1 1 mm. Hg, ; but 
it probably undergoes great variations, M. Colin obtain- 
ing from a lymphatic in the neck of a horse, 2 mm. 
in diameter, sixty grammes of lymph per hour when 
the animal was ia repose, and from the same lymphatic 
■when mastication and movements of the neck were 
being performed, 100 or even 110 grammes per hour. 
The IfmphBtic systcni has close relations with 
the cavities of the serous membranes, with which it 
communicates by means of miiiut« orifices or stomata. 
Milk or other bland fluid injected into the serous cavi- 
ties ia quickly absorbed into the lymphatic system. 
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CHAPTER V. 

RESPIRATION. 

Object and nature of respiration. — 1 

object of respiration is the introduction of oxygen 
into the system, which is accnniplished by the exp 
sure of the blood in an extremely thin layer 
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the lungs to a current of atmospheric air. Coincident- 

ftUy, anfl as a secondary process, carbonic add gaa, 

with which the blood coming to the lungs is charged, 

eliminated. The surface presented by the capillaries 

the lungs has been estimated to be about 150 square 

iters, and the blood at any one moment present in 

lungs to be about two litres, whilst in the course 

of twenty-four hours about 20,000 litres traverse the 

capillaries, the blood corpuscles passing in single file, 

and being exposed to air on both surfaces. The 

ibsorption of oxygen ia due to two circumstances. 

"" to the absorption of oxygen under the partial 

ire of that gas at which the blood stands ; and 

indly, to the affinity of htemoglobin for oxygen. The 

corpuscles, which are chiefly composed of htemo- 

[obin, are the principal oxygen carriers. The elimi- 

ition of carbonic acid, on the other hand, is due to 

circumstance that the alkaline salts of the blood, 

larged with this gas, are placed under conditions 

rourable to its diffusion, and cease to retain it. 

carbonic acid gas is generated in the tissues and 

.ters the blood under pressure, but in the capillaries 

of the lungs the partial [iressiire of the gas is grtatly 

reduced, and it accordingly escapes. That process by 

which the oxygen carried by the blood corpuscles 

through the systemic vessels to the tissues, leaves the 

blood to unite with the constituents of those tissues, 

and by which the carbonic acid gaa with which the 

tissues are surcharged leaves them and enters the 

termed internal regpiratwn. That process 

which the blood traversing the lungs absorbs osygen 

1 the air and yields up carbonit; aoid gas to it is 

led exterTial respiration. The skin plays a subor- 

late part in external respiration. 

The respiratory movements, — The ingress 

id egress of air is efiected rhythmically by the 

Iternate enlargement and contraction of the cavity of 
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the chost, which takes plitce in the adult from 16 to 24 
timeH per minute, each complete act occupying there- 
Eore about three seconds. At birth the number of 
ceapirations ia about 40 per minute, and it becomes 
slower year by year. The proportion of respiratory 
acts to the cardiac beats is about two to nine or ten. The 
act of enlargement of the chest cavity is termed itwp^ 
ration; that by which it ia diminished expiratioTi. 

The act of inspiration. — In inspiration the 
thoracic walls are drawn apart in all directions, and 
the cavity of the chest is enlarged by muscular action. 
A tendency to a vacuum is produced ; air immediately 
rushes through the trachea into the lungs, wliiii 
passively expand to fill the enlarging space, and to 
equalise the pressure within and without the chest. 
If the mouth and nostrils be closed no effort will 
expand the chest, because the pressure of the atmo- 
Hphere oa the outside of the chest is greater than the 
muscles can overcome ; but if the muscles were of 
such strength that they could overcome the atmospheric 
pressure, then the ribs, with the parietal layer of the 
jileura, would separate from the lunga covered with 
the viscei-al layer of the pleura, and a vacuum would 
be formed between the two layers of the pleura, which, 
however, would soon be filled by the distension of the 
lunga with blood, for under normal conditions both 
blood and air are drawn to the lungs in inspiration ; 
but air, being much lighter and more mobile, naturally 
enters in larger quantities. The lungs are always 
under negative pressure, since they collapse when 
am opening is made into the pleura. The muscles 
engaged in effecting inspii-ation, and especially forced 
inspiration, are numerous, but one stands out pre- 
eminent amongst the I'est, and proliably almost acta 
alone in tranquil ins|)iration — t/a diaphTogjn, Thin 
muscle when at rest forms an arch, on the upper 
convex surface of which the heart aud lungs rest. In 
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contraotion the lateral portions of the arch become 
flattened, the cavity of the cheat is corres|ioniiiiigly 
enlarged and the lungs descend. The central tendon, 
on which the heart rests, and through which the 
inferior vena cava passes, remains almost stationary. 
The importance of this muscle is shown by the fact that 
if both phrenics which are its motor nerves, be cut, 
death results, the other muscles collectively being 
unable to maintain respiration effectively. The next 
most important group of muscles acting in tranquil 
inspiration are the gcaleni, which fix the first rib and 
the external intercoatala, the fibres of which run 
downwardB and forwardB, and which, taking the first 
rib as a fixed point, act successively on the ribs below, 
pulling them outwards and upwards, and thus enlarge 
the intercostal spaces. The leeatores costwrnm, are also 
believed to act in tranquil inspiration. 

The act of expiration. — Tranquil expiration is 
hardly effected by muscular action, but reaulta from 
the elasticity of the lungs and walls of the chest. 

Forced respwation. — When from violent muscular 
effort the right heart and lungs become surcharged 
I with blood, or when the respiratory passages are con- 
r atricted, or when the respiratory centres are supplied 
I with blood containing a deficiency of oxygen and an 
L' excess of carbonic acid gas, difficulty of respiration or 
I eif/epniea is induced, and forced efforts of inspiration 
\ .and expiration are made, in which many muscles take 
I VKct. The foUowing table, taken from Landois, shows 
r the muscles engaged in tranquil and in forced reapira- 
K iioD, and gives also their nerve supply. 
A. INSPIRATION. 
I. In TitANaciL Ii^BpnuTioH tub Ucbcleb xctikq akb; 
;. The diaphrugni (iCsretHjAfwiiMMl. 

t The tbreB acoleui {fiami nmeul. pUx. etrviealU et br^Malii). 
I The leratores aostarum (Sam. poller, nem, doriatium). 
L, The exiemol intercostal muscles {Ncrv. inlercoitalei). 
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II. Ik FoacED iKapiMiTiow the Actith B 
1. Muscles of the Trnnb. 

1. The ftema-maatoid (ifen: 

2. The trapezius [Sam. ext 

plec. ctrticat'a). 

3. Kifl pattoralia minor (JV«. thoracici anleriurn). 

4. The Berrdtua posticus superior {If. dorialU x^putie). 
6. The rhomboidei I2f. dorsalii seapulee). 
6. The extejiBora of tlie vertelinil colunm {Earn. pott. 

dBrtalium). 
k 7. [The eemtuH ontieuB major {If. ihoracieui ktigus)] ? 

h. Uasdes of the Larynx. 
„ The stemo-hyoid {Earn, deteendem hypogloiit). 
I %. The aterao -thyroid {Ram. descendtna hypoglosti). 
I S. The orico-arytEenoideuB posticus [Nerv. laryngeal in/in iii 
■ vagi). 

<. The thyro-arytEBDOid {Nei-v. laryngeal infarior pi^t) 

I. MuBcIea of the Face. 
1. The dilfttatores narinm, anterior and poflterior [N. faeialu). 
' 2. The levator itlte nasi [N. fiteialia). 
\ 3. The enpundera of the mouth and nares {N. faHalii), 

d. MuBctoa of the Pharynx. 
. The Jevator veli palatini (JV./ocioiu). 
I 3. The azygos uvulm {N.faeialii), 

B. EXPIRATION. 
. TRANttDiL Expiration 
Ky the elasticity of the lungs, costal caitilnges, 



2. In Forced Exftbation the Mubci,is actino ahe 
1. The abdominal muaclpB {Nn. abdeminii inlerni 1, anltriani 

» ttervii inla'ceitaliliui}. 
S, The trionKuluris Btemi (iVn. inlnvoilalti). 

5. The Horratiia posticuE inferior {Sam. ixt. mrv. dorialium). 
i. The quadratuBlunibonini(Sam,BiiuifH/BriHp&J. tiimbaU). 

6. The intercostalcB intemi so far as they lie between the bony 
ribB, and the infracohtnlos {Kn. intereottalcs). 
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The ribs are fixed at their extremities, whilst their 
central curved part plays comparatively freely in the 
acts of respiration, like the handle of a bucket. Those 
muscles which raise the riba also separate them from 
each other, and act therefore as muscles of inspiration. 
Those that depress the ribs approximate them to each 
other, lessen the cavity of the chest, and act as muscles 
of expiration. In dyspnica, as in asthma, the body 
is bent forwards, the Lands grasp a chair back, or rest 
on some solid object, in order to fix the shoulders and 
to enable the pectorales, scaleni, sterno-mastoid, and 
other muscles, to act with most advantage in expanding 
the chest. Much discussion has been held in regard 
to the action of the intercostala. The points well 
settled are, that the external intercostals, which mn 
downwards and forwards, and, therefore, from the less 
movable part of the rib above to the more movable 
part of the rib below, must act as elevators of the ribs, 
and as muscles of inspiration, providing the firat rib ia 
tixed. And in like manner, that portion of the internal 
intercostals which is between the costal cartilages, 
since the fibres run dov/nwarda and backwards, and, 
therefore, agiiin from the less to the more movable part 
of the ribs, for the ribs are fixed at the sternum, as well 
as at the spine, must raise the ribs, and separate them 
from each other, providing the first rib ia fixed. But it 
is conceivable that if the intercostal muscles were acting 
simultaneously, jmr ee, and not in concert with other 
muscles, they would bring the ribs together, contract the 
chest, and act as muscles of expiration. The absolute 
enlargement of the chest in the antoro-posterior and 
transverse direction, in tranquil respiration, does not 
exceed half a centimetre or five mm. In forced respi- 
ration it is about three centimetres at the level of the 
seventh or eighth rib. The amount of the vertical 
enlargement of the chest, caused by the descent of the 
' iphragm, is not known in man, but in the horse it 
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lias been eatimated to be three times greater than the 
increase of the transverse diameter. 

Duration of the acta of respiration. — Tracings of 
the respiratoiy acts show that the act of inspiration is 
shorter than that of expiration in the proportion of 
6 : 7 or 6 : 8. Inspiration commences with moderate 
rapidity, then becomes more rapid, and towards its 
close somewhat slower. Expiration begins with 
moderate rapidity, then becomes quicker, and towards 
the cios<e of the act very slow. There is no pause 
between expiration and inspiration. 

Types of respiration. — 1. AbdomtTtal type. — In 
the adult male, ajid in infants during the first three 
years of life, the diaphragm is usually the chief muscle 
employed in tranquil inspiration, and its descent causes 
the viscera to press on the abdominal walls, and the 
belly rises and falls with each at-t of respiration. Thw 
type of i-espiration may lie observed in the horse, cat, 
and rabbit. 

2. Costo-inferior type. — This type occurs in many 
adult maiea, and especially in boys after the third 
year. The diaphragm acta, but the abdominal walk 
move but slightly, and the expansion of the chest is 
chiefly effected by the raising and separation of the 
ribs from the seventh upwai'da. It is seen in the dog. 

3. Costo-superior type. — In this type the clavicles, 
upper part of the sternum, and the upper part of the 
rila, play freely, whilst the lower part of the chest and 
the abdominal walls are almost motionless. It ia 
characteristic of the female, enabling her to respire 
freely when the movements of the diaphragm and 
lower ribs are interfered with by the great enlargement 
of the uterus in pregnancy. 

In infancy, when the child sucks, respiration is 
carried on exclusively through the nose, and a simple 
catarrh, by causing tumefaction of the pituitary 
mucous membrane, may cause death by asphyxia or 




Capacity of the Chest. 

Wk^ inanition ; by the child being unable to breathe on 
we one hand, or take nourishment on the other. 

CBpaclty of the chest. — The volume of air 
containsd in the lungs of a healthy aduit male, after 
the fullest possible inspiration, is about 330 cubic 
iuohes, and it has been found convenient to divide 
this into four parts. 

(1) Tided or breathing air, which ia that volume 
inspired and expired with each act of respiration. 

(2) Gomplemenlal air; or that volume of air which 
■ oau be inspired after an ordinary inepiration. 

W (3) Reserve, or supplemental air, or that volume of 

I Jir which can be espired after an ordinary expiration. 

(i) Residual air.— That voJume which i 

f tilie Inngs after the fiillest possible expiratioi 
J These several volumes may be expresse 

■i&ches aa follows : 



2. Compleniental ai 



20 cnliic inchea. 



The first three of these volumea can be taken into, 
T eipelled from, the chest at will, and have been col- 
etively termed the vital capacity. The vital capa- 
E<ity of a man of 5 feet 8 inches is 230 cubic inchea. 

The vital capacity is modified (1) by height, (2) by 
leition, (3) by weight, (4) by age, and (5) by disease. 

(1) In regard to height, every inch of stature from 
re to six feet, enables the subject to expire eight 
Iditional cubic inches by a forced expiration after a 
11 inspiration. 

(2) In regard to position, it is found that more air 
can be inspired in the erect than in the recumbent 
position, because ttio movement of the chest walls is 

e in the erect posture. 

(3) Speaking genei'ally, it may be said that wltAi 
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increased weight, within, moderate limits, there is in- 
creased Tital capacity. 

(4) In regard to age, the vital capacity increases 
from 15 to 35 years, and from 35 to 65 it decreases. 

(5) All abdominal and thoracic diseases, as tu- 
monra, ahscesses, phthisis, diminish the vital capacity. 

The air in the lungs appears to he completely re- 
newed in the course of from 6 to 10 respiratory acts. 

The respiratorr cenlies.— The centres which 
preside over the acts of respiration occupy a symme- 
trical position on either side of the median line in the 
lower part of the medalla oblongata, a little above the 
origin of the vagi, and opposite the interspace between 
the occipital bone and atlas. It is believed that there 
are two on each side, one I'egiilating the movenients of 
inspiration, the other of expiration. The evidence 
demonstrating that the centres occupy this position is 
that the spinal cord may be divided from below, and the 
brain may be removed by successive slices from above, 
without arresting respiration, until this spot is injured, 
■when respiration at once ceases ; whilst, if this region 
is damaged alone, though the rest of the nei-vous system 
IB intact, the respiratoiy acts are at once and permar 
iiently arrested, and death promptly follows. Hence thia 
r^on of the medulla has been named the riaud vital. 

The respiratory centres can be excited to act both 
by direct and by reflex stimulation. Wlien all 
sensory nerves by which these might be stimulated are 
divided, respiratory movements, though irregular in 
rhythm and depth, still continue, and it seems probable 
that these movements are then due to the circulation 
through the medulla of blood deficient in oxygen and 
containing on excess of CO^ It ha.9 been shown by 
experiment, that after section of the vagi, which pre- 
vents the passage of stimuli from the lungs, deticienoy 
of oxygen acts as an exciter of the inspiratory centre, 
whilst excess of CO, stimulates the expiratory centre. 
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In tranquil respiration, or ewpnma, it is probable 
that the defective supply of oxygen, and exceas of OOj 
in the blood circulating through the capillaries of the 
lungs, stimulate the peripheric terminationH of the 
v^ua. The atimulus ia conveyed by this nerve to 
the respiratory centres, wliich at once respond, and 
liberate impulses, which, travelling down the spinal 
cord, pass along the motor nerves supplying the 
diaphragm and iutercostals, and inspiration follows. 
The entrance and absorption by the blood, of oxygen, 
then temporarily leads to quiescence of the centres 
imd relaxation of the muscles, and a fresh inspiration 
13 only made when the deficiency of oxygen rises to a 
certain amount. 

If by rapid and deep breathing a large proportion 
of oxygen is introduced into the system, the ueed for 
the acts of respiration ia leas felt ; no motor impulses 
emanate from the respiratory centres, and the condi- 
tion termed apnmi, is established. On the contrary, 
if the supply of oxygen fail, and GO, accumulates iu 
the blood, violent muscular efforts, botb of expiration 
and of inspiration, are made, in which almost every 
muscle in tlie body takes a part, and the subject is said 
to suffer from dyspn^Ba. 

Other nerves beside the vagi may conduct centri- 
jietal impulses or stimuli to the respiratory centres. 
The moat important of these is undoubtedly the fifth, 
and its influence is familiar in the deep inspiration 
that occurs when the face is suddenly exposed to cold, 
as by being flipped with a cold wet cloth, or drenched 
with, cold water ; and the same effect ia produced by 
the application of cold to other sensory nerves. 

In all violent efforts, a deep inspiration is in- 
stinctively taken, and the glottis closed by the arytie- 
noid aiid lateral crico-arytienoid muscles, the object of 
wh ich is to fix the chest, and to afford a point d'appui 
Bthe upper limbs. 
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^^H The sounds of respiration. — If the ear be 

^^^P applied to the uncovered chest of a peraon breathing 
^^V tranquilly, a soft blowing murmur is heard during 
^^V inspiration, over the "whole of those regions beneath. 
^^H which the lungs are situated. This murmur, named 
^^1 the vesicular Bouud, is not audible during expiration, 
^^H It is caused by the distension and sejiaratioii of the 
^^B walls of the air vesicles and smaller cha,nnel3 leading to 
^^^ them, and to the friction of the air over the numei-oas 
^^H points of division of the air-tufaea. If the ear be placed 
^^H over tJie tnichea in front, or the larger bronchi at the 
^^1 back, on either side of the vertebral column, a louder and 
^^B rougher sound is heard, termed the bronchial murmur. 
^H It is audible both in iuspiration and in expiration. 

Percussion sounds of the cbest. — When 
the chest ia lightly tapped with the finger, or with a 
percussioD hammer, the regions beneath which the 

■ lung is situated are resonant, or sound hollow, whilst 
that part which is over the heart is dull. The apices 
of the lungs reach an inch or more above the clavicle 
in front, and nearly up to the level of the s])inovis pro- 
cess of the seventh cervical vertebra behind. The 
lower border of the lung, in moderate expiration, com- 
niencps on the right side, at the border of the sternum 

opposite the attachment of the eixth rib, then runs 

nearly parallel with the upper border of the sixth rib, 
descends a little in the axillary region to the border of 
the Beventh rib, and po.^t«rior is level with the tenth rib. 
The relations are the same on the left side, except in 
the region near the sternum corresponding to the fourth, 
fifth, and si:(th ribs, where the right ventricle of tlie 
heart is in immediate relation with the ribs. In full 
iiuipiratioji, the superior borders of the lungs descend 
below the seventh rib in front and laterally, and aa low 
ns the eleventh rib posteriorly, and on the left aide the 
liiEg advances considerably in front of the heart, lenving 
only a small area uncovered. In full expirati 
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other liiind, the lower border of the lunga risea nearly 
the breadth of an intercostal apace, and on the left 
Bide a large part of the ventricle is uncovered. 

Variations of pressure in the air-pas sa^cw. 

— If a manometev be connected with an opening in the 
trachea, whilst the respiratory acta are otherwise 
normally performed, it ia found that, with each inspi- 
ration, a negative pressure equal to 3 mm. of mercury 
is exerted, whilst during expiration there is a corre- 
sponding positive pressure. If tlie manometer tube 
be inserted iuto one nostril, and tranquil respiration 
carried on through the other, 'with closed mouth, the 
inspiratory negative pressure is 1 mm. of mercury, the 
positive expiratory preaaure is from 2 to 3 mm. When 
all the inapiratory or expiratory musclea are brought 
into play, tiie pressures, both negative and positive, are 
greatly increased. Thus the inspiratory muscles of a 
medium-sized adult male, can exert a negative pressure 
cnpable of raising a column of mercury 7fi mm. high, 
wliilst the expiratory muscles, aided by the elasticity of 
the chest walla and lungs, can exert positive pressure ca- 
pable of raising a column of mercury 100 mm, in height. 
Absorption of gases bf fluids. — Gases are ab- 
sorbed to a greater or less extent by water and other 
fluids, the amount absorbed being dependent (1) on 
pressure, (2) on teroperature.and {3)onalEnity;and the 
weightthat is taken up of any gas by the same liquid at 
a given temperature is proportional to the pressure, or, 
which is the same thing, the volume of the gas dissolved 
is at all pressures the same. Hence it is found that 
when the pressure is doubled the weight of dissolved 
gas is also doubled. Temperature is of great importance, 
aince the quantity of gas absorbed decreases with the 
temperatura At 0° C. and 1 m. pressure, water will ab- 
sorb 179 voL of C0„ but at 15° C. it will only absorb 
1 voL The quantity of gas which a liquid can dissolve 
^fc independent of ^e nature and of the quantity of 
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other gases which it may already hold in solution, 
fluid is exposed to a mixture of several gases, I 

its snrface is equal to the sum of the pres- 
of the several guses, but each gas only exerts the 
pressure that it would do if it occupied the whole 
space ahove the fluid, and in a mixture this is called 
its " partial pressure.'' Thus oxygen forms one-fifth 
of any quantity of air, and water exposed to air absorbs 
oiJy such a quantity of oxygen as it would do if the 
atmosphere were entii-ely formed of this gas u 
pressure equal to one-liftii that of the atmosphere. 
Thus, since tlie pressure of the atmosphere is 760 n 
iit the level of the sea, 

the pressure of oxygen = = lo8 m 

the pressure of the nitrogen = = 601 m 

, , „„ 760 y OO0O26 

the pressure of the C0, = ~ - 0052 ram. 

The numbers 158, 601, 0*052 represent the partial 
pressure of the several gases mentioned. The partial 
pressure of oxygen in the air vesicles during calm expi- 
ration sinks to 117mm.,andinadeep inspiration is 130 
mm., whilst the partial pressure of COj rises in tranquil 
respiration to 31 '5 mm., and in deep expiration to 66*4 
mm. The partial pressure of any gas may be calculated 
with the aid of the following simple formula ; P = - 
where P = the partial pressure, H the pressure of the 
expired or inspired air, and Q the quantity of the gas 
required to be determined in 100 volumes. 

CbenrisUr of respiration. — As the chemical 
changes in respiration take place between the gases 
contained in the air and the blood, it is requisite in 
the Grst place to ascertain the composition of the gases 
which can be extracted without chemical decompoeitioa 
from these two fluids respectively. 



J 



^Kfc«p. v.] CmiMiSTRY OF Respiratio!^. 

The composition of pure dry air is well kuown. It 
contains in every 100 volumes 21 volumes of oxygen 
gaa and 79 volumes of nitrogen gas, or if estimated 
by weight, in any 1 00 grains there are 23 grains of 
oxygen and 77 grains of nitrogen. It further contains 
fowl' parts of carbon dioxide in every 10,000 volumes. 
Its composition is constant up to a height of 14,000 feet 
In crowded theatres the quantity of oxygen may fall 
about 1 per cent,, and the amount of carbon dioxide 
may rise to 70 parts in 10,000, and in either case the 
air becomes distinctly prejudicial to healtji. Ordinary 
air contains in addition a variable quantity of watery 
vapour. If saturated, a cubic metre of air takes up 
at 10° C. 9'363 grains of aqueous vapour. The higher 
the tempeiuture the more water can it contain, the 
lower the temperature, the leas. Thus, 1 cub. met. of 
air at 35° C. is saturated with 39-25 grains of aqueous 
vapour, whereas at 0° C. it can hold only +87 grains. 
Air is rarely saturated with aqueous vapour, and the 
quantity rarely falls below yj-''^ of the saturating quan- 
tity. Lastly, the air contains a trace of ammonia. 

The gases of the blood.— The most reliable ob- 
servations that have been made on this point are those 
of Pfliiger, who found that nearly 60 volumes of gases 
could be extracted from 100 volumes of arterial blood 
immediately after it had been withdrawn from the 
body. These gasea consisted of oxygen 22'2 voL, 
carbon dioxide 34'3 vol., nnd Nj 1'8 volumes. Venous 
blooH, in becoming changed into arterial, gains from 
4 to 20 per cent, of oxygen by voliune, and loses from 
3 to 13 per cent of carbon dioxida The tension of 
■ O in the pulmonaiy capiUariea is 44 mm., of CO^, 
82 mm. 

ChntiKPs lit (lie nir timt lias bocn once 
breathed. — (1) Tlie proportion of carbonic dioxide 
increased to 43 per cent,, so thiit after a 

;Ie act of tranquil respii'ation, air, which Y^eNww.'iJij 
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only contained four parts in 10,000, 
an average 430 parts in 10,000 

(2) The proportion of oxygen gas is diminished 
an average about 4'8 per cent., so that whilst ordinary 
air contains 21 per cent of osygen, air that ' 
onoe hfeathed contains only 16-2 per cent. The excess 
of oxygen taken up by the blood over the oxygen dis- 
charged aa carbonic dioxide is probably applied to the 
oxydation of other constituents o£ the body, as sulphur 
and phosphorus, 

(3) A small but variable quantity of nitrogen is 
added to it. 

(4) It is saturated with watery vapour. One cubic 
metre of expired air at 37° C. containing about 42 
grammes of watery vapour. 

(5) Its temperature is increased, usually, in tem- 
perate climates, rising to 36-3° C, but several degrees 
lower if the air inspii'ed be veiy cold, and a degree or 
two higher if hot 

(6) Its volume ia iniTuased, the slight decrease due 
to excess of absorbed over CO, eliminated" being 
more than compensated by expansion from heat and 
addition of watery vapour. 

(7) There is an addition to it of small quantities 
of ammonia, hydrogen, and CH. 

The abaolut« quantity of oxygen gas absorbed into 
the Bystem per diem by the lungs is about 750 grammes, 
of carbonic dioxide eliminated about 900 grammes, 
of water eliminated about 450 grammes. 

Many circumstancea modify the quantity of car- 
bonic acid eliminated froiu the system. Everything 
which tends to increa.se the quantity of oxygen enter- 
ing the system, or the quantity of readily oxydisable 
materials in the body, or which renders tlie oxydiaing 
process more active, will increase the elimination of 
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carbonic dioxide. Thus it is greatly increasovl by ex- 
ercise, by food, and by exposure to cold within mode- 
ratn limits. It is relatively larger in children than in 
adiilte, ia men than in women, in persons of a vigorous 
conatitution than in the languid and phlej^natic. It 
IB also modified by certain ]ihyBioIogicai changes, as by 
the frequency and depth of the inspiratory acts, whiuh, 
when either deeper, or more frequent with the same 
depth, cause incrensed elimination of carlion dioxide. 

Muscular exertion is without doubt the condition 
that exercises the greatest inHuence on the produotioii 
And discharge of carbon dioxide, and it has been esti- 
inated that if a person breathing tranquilly discharges 
eight ounces of carbon per diem in the form 
of carbon, the quantity wonld be more than doubled 
'With severe exertion. 

mode of comb i nation of carbon 
dioxide in the blood. — It can be easily shown that 
part of the carbon dioxide contained in the blood is in 
combination with the coloui-cd corpuscles, and another 
part with tbe plasma, and the combination with the 
plasma is firmer than with the corpuscles, but it has 
not been quite certainly determined in what state of 
oombiuation it really exists. It is probably in the 
form of sodium bicarbonate, which is cbieHy con- 
tained in the plasma. 

Eflects of vni'iation in the pressure of the 

Etir on respiration. — Man lives at the bottoui of a 

ip-eat aerial ocean, the deptii of which is about tifty 

'les, and which, though so ligh t, exercises au enormous 

re on the surface of his body, a pressure that, at 

pounds to the square inch, has been calciilaLeci to 

LOunt to thirty or forty thousand pounds, according 

the extt-nt of surface presented by the skin ; but 

ascending lofty mountains, or in balloon ascents, 

'ten a height of nearly thirty thousHnd feet has been 

ittained, the pressure of the air is greatly diminished. 
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^^1 end with it the piLFtial pressure of the Dsygen. 

^^K the change is effected slowly the system accommodates 

^^1 itself to the altered condition, and no ill eSects are 

^^B experienced ; but if the change from air of ordinary 

^^1 density to air that is greatly rarefied occurs suddenly, 

^^F remarkable effects are observed, which, in. the case of 

mountain climbing, are known as the mal de montage, 

and which are equally noticeable in balloon ascents. In 

the former case they are intensified by the muscular 

exertion which is put forth in the aaceut, whilst in the 

• latter case the suddennes.'j of the chanije seema to 
induce the same symptoms. 
These are : 1. Congpstion of capillaries of the skin 
and free sui-faces of the mucous membranes, owing to 
diminislied pressure, which may culminate in hemorr- 
hage, and certainly leads to sweating and free mucous 
secretion. 2. The resistance to the passage of the 
blood through tlie capillaries being diminished, the 
cardiac beats become more frequent and dyspncea is 
expeiienced, and the respirations become deeper and 
irregular asweU as more frequent. 3. The insufficient 
Rupply of oxygen and imperfect elimbialion of COi 
induce extraordinary muscular weakness, the slightest 
exertion causing exliaustion. Hence, again, in part, the 
dyspncea and sense of constriction about the chest. 4, 
The vagal centres are stimulated by the insufficiency 
of 0, and vomiting may occur ; and 5. The blood being 
drawn from the internal organs to the surface, Wie 
brain is imperfectly supplied with oxygen, and faint- 
ness results, aa well as diminished secretion of urine. 

Ab by ascending the pressui-e of the air can he 
decreased, so by descending below the sea level it can 
be increased, and the amount of such increase in deep 
mines and in works conducted under water, as in the 
laying of the foundations of bridges, is sometimes con- 
I siderable, amounting to as much as sixty or seventy 
jx)unds avoirdupois on the square inch. In such cases 
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the skin has been observed to liecome pale, and tliC 
cutaneous perspiration to diminish. The reapiiations 
are reduced in frequency by two to four in the minute. 
Inspiration ia accomplished 'with greater facihty, 
expiration ia prolonged, and a distinct pause occurs 
between expiration and inspiration. The capacity of 
the lungs augments. The urinary secretion ia in- 
creased, and muscular efforts are made with more 
activity and energy. The heart, meeting with more 
resistance on account of tlie contraction of the cutan- 
eous capillaiies, beats more slowly, and the piilse curve 
is lower. There is a subjective sensation of warmth. 
Great care should be taken that those who are sub- 
jected to such high pressure be not suddenly exposeil 
to air at the normal pressure, for the effect ia equiva- 
lent to the application of a gigantic cupping glass to 
the whole body. The blood is suddenly drawn to tlie 
siu'face, hsemorrhage from the nose, ears, and month 
is likely to occur, and paralysis may result from the 
sudden abstraction of blood from the nerve centres. 
More exposure to an atmosphei-e of oxygen produces 
no ill efi'ects ; but if the animal be exposed to oxygen 
under pressure, so that the blood ia made to take up 
about thirty-five per cent, of its volume of O, death 
occurs in convulsions. 

EfTecIs of brentliingin a confined space. — 
The eflecta of breathing in a limited space ditf'er to 
sonf* extent in accordance with tlie size of the space. 
If the apace Ije small, or only of moderate size in com- 
parison with the animal, the whole of the oxygen is 
used lip, and a nearly corres[ionding volume of CO, ia 
eliminated. The fact that the oxygen entirely dis- 
appears is a clf-ar proof that its absorption by the 
blood ia due to chemical affinity andisnot thu result of 
the operation of the usual laws of absorption of gases 
by fluida Death results from asphyxia. 

In large but confined spaces, though death results 
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from asphyxia, it is rather due to accomulation oE 
CO, thau toadeficiency of oxygen; at least, the animal 
dies before the oxygen is altogetlier exhausted. IE 
arrangements are made by which the CO, is removed 
Eta fast as it is formed, the animal will live much longer 
than if it he allowed to breathe the same air more or 
less charged with CO, over and over again. In fact, if 
animals be made to breathe a mixture of half oxygen 
and half CO, death resultB, not because thei-e is a de- 
ficiency of oxygen, but because there ia an exeeaa of 
C0„ which is absorbed, and then acts as a poison. 

In pure oxygen animals breathe quite normally, and 
the Bubstitntion of hydrogen gas for nitrogen may be 
made without in any way interfering with respiration. 

Necessity for ventilation.— The necessity for 
free ventilation of the air in dwelHng-houaes, follows 
from what has just been said. Wherever animals are 
crowded together, the oxygen of the air by which they 
are surrounded soon becomes exhausted, and CO, takes 
its place. But this is not all ; the lungs and the skin 
alike give off other waste produots, which, though 
minute in quantity, still make themselves perceptible 
in the odour of the breath and of the skin, which are 
characteristic of each individual, and which give the 
jieouliarly penetrating and unpleasant odour to the 
dwellings of the poor, to the out-patient rooms of hos- 
pitals, and wherever the free access of air and water 
are neglected. Fortunately, the free interchange that 
takes place between gases, and the porous nature of 
the materials of which our garments and houses are 
eonstructed, allows a natural ventilation to lake plane, 
vhich requires the perverse ingenuity of mar 
rapt It may be accepted as a fact, that as soon as 
air becomes in the slightest degree tainted, or has a 
distinct odour perceptible to one who enters it from 
fresh air, it has become unwholesome. In ordinary 
' ■, the proportion of CO, is four parts in 10,000, but 
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has been found to rise as high as twenty or thirty 
'TpartB ia 10,000, whilst in some schoolrooms in Ger- 
inany it has been noticed by FettenkoS'er to rise as 
high a^ 72 parts in 10,000. It is generally held that 
to maintain the air of a room in a sutticieat state of 
purity, 1 ,000 cubic feet for each individual is not too 
much, and no doubt, with the ordinary ventilation thiit 
is continually taking place thi-ough the chimney, and 
the chinks of wimlowa and of doors, and even through 
the very walla themselves, this ia Bulfioient ; but it 
must not be forgotten that such ventilation is abso- 
lutely necessary, and that in rooms that are unpro- 
vided with a chimney, and in which, as is sometimes 
done, the chinks are closed by pasting paper over them, 
the air soon becomes loaded with poisonous exhala- 
tions. In order that air should remain sufficiently 
pure for breathing purposes, at least 200 times the 
volume of the air expired by each individual should 
■ given time be added to it. In large factories, 
wholesome results of insufficient ventilation are 
greatly intensified by the presence of floating particlea 
of the fabrics manufactured in them ; cotton, silk, and 
steel filings being especially injurioua. The preserva- 
tion of the walls of the dwelling-housea from moisture 
is of great importance, for not only does moisture fill 
the pores of wood, brick, or other conatructive material, 
and thus arrest ventilation in this direction, but the 
ftbaorptive power of moisture for heat exercises a 
prejudicial influence on the inmates. 

Iniemal respiratton.^By internal respiration 
meant the exchange of ga.se3 which takes place 
':ween the tissues, including the blood itself, and the 
les contained in the blood. No sooner does the 
blood become charged with oxygen as it ti-nversea the 
capUlaries of tlie lungs, than oiLydation of the more 
unstable compounds contained in the blood commenaes ; 
not only, however, ia the quantity of these substaacea 
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BmalJ, but the time during which this action can take 
place is extremely brie£, only lasting till the blood 
reaches the systemic capillaries, hence the osydising 
processes which take place within the vessels are com- 
paral^vely slight ; but no sooner has the blood reached 
the capillaries, than it is surroundedby tissues poor in 
oxygen and rich in C0„ and an active interchange of 
gaaes immediately takes place. Tlie O o£ the hsemoglo- 
bin of the coloured corpuaclea rapidly escajiea, whilst the 
CO^ with which the tissues are charged, as rapidlyentem 
the blood. That the tension of the CO, in the tissues is 
high, is clearly shown by the tenRion of this gas in the 
£utds of the body ; thus, whilst in arterial blood it is 
equivalent to a column of mercury 21 mm. in height, 
and in the venous blood of the pulmonary capillaries 
to one of 41 mm., in the bile it is as much .is 50 mm., 
and in acid urine to 68 mm,, though in the latter cases 
it can only be derived from the tissues. In the lymph 
it is about 35 mm, of mercury, and the smaller tension 
of the COj in the lymph than in venous blood may be 
explained in part by supposing tliat the processes of 
oxydation continue to take place in the blood, in part 
by the slower current of the lymph, which, perhaps, 
allows of a more equal distribution of the C0„ partly 
to the cirourastnnce that in the muscles, in which the 
production of CO, chieliy takes place, the lymphatics 
are few, and partly that the whole process of inter- 
change is afi'ected by chemical alfiuity, and that there 
are compounds in the blood which have a stronger 
aifinity for CO, than in the lymph. 

ResplTE^on by the skin. — The conditions 
under which the blood travels in the skin are not 
materially diflerent from tliose which are present in 
the lungs. In both cases there is a rich plexus of 
cftpillariM sepaiat^jd from the air by epitbeliuBL In 
the lungs, the epitlielium forms a simple layer, whilst 
in the akin there are many layers, so that the contact 
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of tLe air with the blood is less immediate. The 
caseoos interchange in accordance with this difference 
js much less active. Tlie quantity of COj discharged 
bj the skiu as compared with the lungs is estimated 
*" be as 1 : 38. 

The amount of insensible transpiration of vapour 
of water is estimated to be double that given off hj 
the lungs, or about S lbs. per diem, though, of course, 
the amount of this vapour given off will depend on 
the size of the body, the teraperatare, and the hu- 
midity of the air. 

In gii/king, a deep inspiration i^ taken, and is 
followed by an audible expiration. It appears to bo 
'a compensatory effort to make up for several previously 
ii^ierfectly performed respiratory acts. 

In yaujnijy, air enters through the mouth, which 

ia usually widely opened, the narea are closed, and a 

;deep inspiration and expiration follow. It is an iudi- 

Ltion of (atiguo and inadequate working of the respi- 

ktory muscles. 

la hiccup, an inspiration is made by contraction 
of the diaphragm, which is suddenly arrested by closure 
of the lips of the glottis. 

In snoring, air enteriug through the nose and 
inouth cauBes a relaxed uvula and soft palate to 
vibi'ate atvongly. 

In laughter, a succession of interrupted expirations 

occurs. 

In coughing, the glottis is at lirst closed, but is 
suddenly burst open with a resonant sound, by the 
contraction of the expiratory muscles, the object being 
to expel masses of inspissated mucus from the ti-achea 
and larynx. 

In STteezing, an expiration of almost convulsive 
violence succeeds a long inspiration, the blast of air 
tteing directed, in some instances, chiefly through the 
I others chiefly through the mouth. 




Food. — Food is required by all animals to supply 
the waste of the tody, and in the higher animals to 
maintain tha temperature. Now the body of an 
adult consists of 68'5 per cent, of water, and 41 '5 per 
cent, of solids, and the analysis of the body of a 
healthy man, and of a healthy woman, has been found 
to give the following results : — 

WeiffM of Body ii 



Terecnt^r/i of the Total TTcight of tht Body. 
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Brain . I'B 2-1 

Each and all of these parts undergo continual 
waste ; some more, some less rapidly, but all of them 
to BO great an extent that if food be completely with- 
held remarkable changes in volume and weight are 
manifest in tlie course of ei few doya. This loss is 
supplied by food, and as a rule the quantity daily 
ingested coiTesponda with that which is lost by the 
ikm, lungs, urine, and fiecea in the same space of 
time. The nature of the food is diverse, and it i 
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Uses of Food. 

I Hot consumed in a form that at first sight 

tissues it is about to nounsli; it is the 
urpose of the digestive system to induce such altera- 
on in it as may fit it to become a part of tlie body, 
r, in other worda, to prepare it for assimilation. 
If it be asked, what are the tissues 

of ! the reply must be given, that 
though presenting considerable chemical and physical 
*diEferenoes, they all spring from and contain an 
which is composed of C, H, N, and O, 
■with small quantities of P and S, and the chemical 
characters of which show that it belongs to the group 
of albumins. These characters are indeed often 
obscui-ed by the changes it has undergone 
process of development, 
deposited in its own substani 
as in rauHcle an 
still exists as such, and 
the functional activity of 
instances, as in bone, calcareous salts have lieen 
deposited, which more Uian double its bulk, whilst 
in the enamel of the teeth the salts are so abun- 
dant as almost entirely to conceal the protoplasm 
originally present In all instances the tissues are 
built up of small masses of protoplasm, named cells, 
each of which has its own definite destiny and 
purjjose ; some becoming converted into blood oor^ 
puscles, some into the walls of blood-vessels, and 
others into the structure of the difl'erent organs. 
In many instances, as in the cells which form the 
epidermis and the epithelium of mucous membrane, 
and the cells of the glimds and of the brain, the 
original cell-form is preserved to so great an extent 
that there is no difficulty in recognising them as cells ; 
whilst in others they are so modified by growth that it 
b necessary to follow them through the whole course 
of their development to furni sh satisfactory proof that 
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;e ; but in some instances, 

and gland, protoplasm 

the active agent in 

In othei 



I 



r8o HvMAW Physiology. [Chap. vi. ^| 

the structure or tissue under esamiaation is in reality ^| 
formed of them. It is to minister to the wants of ^| 
these variously modified cells in the discharge of ^| 
their several functions that food is required. H 

ClBssiflGBtion of faod.~.The food of man H 
varies in different regions of the earth in a remarlsable V 
manner ; partly in accordance with the productions of 
the earth, aii-, or sea by which he is surrounded ; but 
partly also in accordance with the requirements of 
hia body as deteimined by the external temperature _ 
to which ho is exposed, hia age, and the ^larticular 
form of mental, muscular, or other kind of work 
he performs. The Arab can support life on a few 
dates ; the Indian on some rice and ghee, with 
dhuiTa, or on the fruit of the banana ; whilst the well- 
fed European requires a great variety, aa well as 
abundance of food ; and the natives of the Ai-ctic 
regionn are compulsorily restricted to a diet rich in 
oil. But it is found that however different in appear- 
ance these several dietaries may be, they can be shown 
to contain certain prox.itnat« principles which are to 

>a greater or less extent present in all. These are ; — 
1. Proteids, such as the animal albumins and 
vegetable glutina, which form the greater part of the 
Bolids of meat, fisb, eggs, mdlc, and bread-stuSs. 

2. Farinaceous and saccharine compounds, such as 
starch, gum, sugar, and glycogen and inosite, the first 
three of which are chieily formed by plants and the 
last two by animals. 

3. Oleaginous compounds, such as the animal and 
vegetable fats and oils. 

4. Inorganic compounds, such as salts and water. 
It may lie laid down aa a rule, without exception, 

that uoue of these substances, neither albumin, nor 
sugar, nor starch, nor gum, nor oil, is capable of 
supporting life if taken alone. Whenever an animal 
is fed on pure albumin, oil, or sugar, it dies. There 
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^^^H must be a due admixture of the several proximate 
^^^H principles, though extraorditiury variations in 'the 
^^^1 relative amounts occur. lu those forms of food which 
^^^H experience has shown to be cajiable of nourishing 
^^^1 eveiy tissue and organ of the body, the types of which 
^^^P are seen in the egg, and in milk, there is an admixture, 
though in very different proportions, of all the abovo- 
mentioned groups of proximate principles. 

It was formerly considered that foods were 
divisible into respiratory and flesli-forming. The 

■ former were held to be merely taken to raftintain, by 
jtheir combustion, the heat of the body, and were 
Iience also termed heat-producers ; this class cousiEted 
of sugars, starches, and oils. The latter were con- 
sidered to minister to the nutrition of the tissues, and 
to be easentidlly applied to the formation of muscle 
and nerve; starches, and oils contain no nitrogen, 

I and it was hence thought they could not be applied 
to the formation of tissue. The general result of 
modem research is to throw doubt upon this classiti- 
catioa of food. We shall see that even in muscle 
there are non-azotised constituents which are essentiiil 
components of its tissue, and without which it would 
not be muscle, and it therefore seems probable that 
even the non-azotised substances may be applied to 
the nutrition of muscle, though their chief othce is 
probably to supply the force developed during its con- 
traction ; on the other Land, it is certain that proteids 
I contain the nitrogeji which the muscles and nerves 
require, and that they are a])plied to thtiir nutrition ; 
but there is good reason to believe that tbey also 
minister to the production of heat, and, in fact, 
break up into two nearly equal portions, an azo- 
tised and an unazotised portion ; the former being 
applied to the nutrition of the azotised tissue, whilst the 
latter, like the starches and sugars, is applied to the 
development of force and to the generation of heat. 
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We iQiiy proceed to consider briefly the cou] position 
of BOme of the principal articles of ordinary diet, 

nieati — The flesh of animals as consumed at table 
ia composed of about seventy- eight parts of water and 
twenty-two parts of solids, and the solids consist (l)of 
myoain-aibumia, which is the chief constituent of the 
contractile muscle substance ; (2) Berum-albumin, de- 
rived from the lympii and blood coursing through the 
tissue ; (3) gelatin, derived from the connective tissue ; 
(4) elaatin, from the elastic tissue; (5) colouring 
material, or hsemoglobin ; (6) keratin, from the endo- 
thelium of the vessels; (7) products of disintegration 
of proteids, as kreatin, ki-eatinin, inosinic, antl 
Barcolactic acids, taurin, sarkin, xanthin, and uric 
add ; (8) fats, with lecithin and cholesterin ; (9) 
carbohydrates, as inosite, dextrin, grape-sugar, anil 
glycogen : and lastly salts, amongst which the salts of 
potassium and tliose of phosphoric acid, with magne- 
Htum and calcium, predominate. In 100 paits of the 
salts, potassium eKists in the proportion of 39'4, 
aodium 4'86, magnesium 3'88, and phosphoric acid 
46-74. The remainder is made up of chlorine, 
calcium, and iron oxide. 

The quantity of fut varies with the state of 
fattening of the animal. In man, after the visible 
fat has been dissected otf, there still remains . in 
100 parts of flesh from seven to lifteen parts of fat ; 
in beef, from eleven to twenty-two parts ; in mutton, 
about tour parts ; in fowls, about three parts. The 
object of cooking meat ia to render it more digestible. 
In roasting and in boiling meat, the outside should 
be quickly exposed to a hi^h temperature, in order to 
coagulate the albumin of the surface and pievent the 
juices escaping from within. The joint may then be 
moro slowly cooked. Broths should, on the otlier 
Itand, be m«de by soaking the meat for some time in 
cold water, and then siiowly warming. TheHP if '"■'. 
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little nutfinient in. broth, as uiter careful preparation 
oaly three parts per cent, are dissolved, ajid a'^ut 
three parts remain anspended in the form of coagulated 
albumin. The dissolved constituents are the potash 
salts, kreatin, and kreatinia \ the salts of lactic and 
inosinic acids, and some extractives ; lastly, gelatui. 
A teaspooaful of Liebig'a extract represents a pound 
of meat, but it must not be sujiposod that it ia iu 
any way equivalent to that amount of beefsteak for 
a healthy person. It is concentrated beef-tea, and 
nothing more. 

Esgs. — The egg ia clearly a perfect form of fooii, 
since, with the exception of oxygen, it contaiiia ii 
itself all that ia required to form the complete bird o 
reptile. The ovuiu of man, however, is extremely 
amall, and, though containing a sufficient store of 
nutriment for the earliest stages of development, it 
soon throws out from its surface processes which, 
dippinf; into the large blood-vessels of the uterus, 
drav/ from thence the material required for further 
growth. The egg of the fowl is composed of the yolk 
or vitellus, and the white or albuminous subatancet 
which is again enclosed in the ahelL The yolh consists 
of vitellin and other proteida — fat, cholesterin, and 
lecithin, glycerin, phosphoric acid, grape sugar, 
pigment, and salts. Vitolliu is a globulin-proteid, 
the solution of wliich is not precipitated by common 
salt, iu wLicli respect it differs from myosin. It is 
easily soluble in Wiiter containing I ppr cent, of hydro- 
chloric acid, and is then converted into syntonin. It 
dissolves easDy in weak solution of soda. It ia pnv 
dpit^ted by alcohol. The average weight of a he ' 
e^ is about 1-75 oz., of which the shell forms oi 
tenth, the white about six-tenths, and the yolk 
three-tenths. It is estimated that 1 lb, of hard-boiled 
sgys, if completely oxydised, can set free a force ecjual 
to rdSsiug 1,415 tons 1 foot higli. Eighteen ctg^ 
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contain an atiioimt of flesh-forming substance and 
other pabulum sufficient to maintain, the life of an 
sdult man for one day. 

VegetaDle foods— The most important of the 
fooda derived from the vegetable kingdom are supplied 
by the cereals, and by leguminous plants, which con- 
tain both proteids and starch, and by the potato and 
other plants having in their fruit or seed, in root, in 
tuber, in leaves, or in pith, a large store of starch. Thus 
100 parts of dry wheat-flour contain 16'5 parts of pro- 
f«ids, and 56'25 of starch. Barley contains a little more 
of the proteids and much less starch (13-38). Bye, less 
proteids and more starch. Bice has only 7 or 8 parts 
of proteids, but 78 parts of starch. Other constituents 
of the flour of the cereals are cellulose and dextrin 
and salts. In making bread the flour is mixed with 
water ; salt and yeaat are added, and the whole kept 
at a moderately warm temperature. The proteids 
soon begin to decompose under the influence of the 
ferment and themselves act as a ferment to the 
starch, which becomes converted into dextrin and 
partially into sugar, and this decomposing yields 
00, and alcohol ; the evolution of the OO, gas 
renders bread vesicular and the alcohol is driven 
ofl' in the baking. A method baa been recently sug- 
gested by which the bread is rendered vesicular 
without fermenting it This ia accomplished by 
making the dough with water charged with CO, 
under preaaure ; on removing the pressure the 
bubbleis of CO, enlarge and the dough swells up. Jn 
another method the bread is kneaded with sodium 
carbonate, and then mingled with hydrochloric acid 
under pressure. On removing the pressure the gas 
escapes, rendering the bread light, and the sodium 
chloride remains. 

Peas and beans contain about 28 per cent, of 
vegetable casein, or legumin, 38 per cent, of starch, 
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^^^B with lecithin and cholesterin, aud frou 9 to 19 per 
^^^1' cent o£ water. As thej contain no gluten they 
^^H aumot be made into dough. The large quantity of 
^^^H proteids they contain, and their cheapness, render them 
^^H important articles of diet in an economiciil point of 
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Potatoes contain from 70 to 81 per cent, of water-, 
to 23 per cent, of starch, and a small quantity, 2-5 
per cent, of albumin. In 100 parts of the ash there 
are about 47 parts of potash, 8 parts of potassium 
chloride, 25 parts of sodium cliloride, 13 parts of 
magnesia, 3'3 parts of lime, aiiJ 12 parts of phoaphorio 

Fruits contain sugar, salts, oi^anio acids, and a 
gelatinising substance named pectin CajH^On- 

Oreen food is rich in salts resembling those 
of the blood, but starch, cellulose, dextrin, sugar, 
and albumin are all jiresent, though only in small 
quantity, 

Drinks. — Water is the most necessary and the 
most wholesome of drinks. It forms a large propor- 
tion, 68'6 per cent, of the body weight, and if the 
chief organs be taken separately it is found to consti- 
tute 30 per cent, of adipose tissue, 69 per cent of the 
liver, 73 per cent, of the skin, 75 per cent of the 
brain, 76'7 per cent, of the muscles, and 83 per cent 
of the blood. It is constantly being discharged from 
the body by the lungs and skin, and by the kidneys 
and fteces. It is essential to the processes of diges- 
tion, absorption, circulation, and secretion, and is the , 
best solvent of the products of the disintegration of 
tlie tissues. Rain water is pure, containing no salts. 
Spring water is charged with various salts, especially 
with those of calcium, sodium, magnesium, and iron. 
It contains usually hut little oxygen, whilst it is rich 
in COy River water, like the foregoing, is potable, 
apt to become contaminated in ^d^vAisia 
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iliatrieti with excrementitiotis 

refuse of factories. It requires in Bucli caaea to be 

purified 

Drinking water slionJd be tastelesR, colourless, 
and destitute of smell. The lime salts shonld not 
Bxceed 20 parts in 100,000 parts, aud these are precipi- 
tated on boiling, which reduces its "hardness." TTie 
presence of organic matter may be ascertained (1) by 
evaporating a large quantity to dryness and heating 
the residue, when a well-marked discoloration will be 
perceived, accompanied with the smell of a 
(3) by the addition of chloride of gold and pobiss 
which gives a lilackiah precipitate ; (3) by the addition 
of potassium petroanfranate, which become deoxydised 
and decoloriaed by organic matter. Tlie presence of 
more than \\ gr. of common stilt in a gallon of 
"jvater indicates, though it does not absolutely prove, 
sewage contamination. This quantity scarcely gives 
\ more than a mere cloudiness with nitrate of silver in 
\ water acidulated with nitiic acid, and a specimen of 
water may be tested by filling a tumbler with it, 
.ndding twenty drops of nitric acid and five of a 
' KolutioH of sflver nitrate. If there is more than a 
cloudiness common salt is in excpss, and tbis is 
probably derived from urine. Drinking impure water 
18 apt to produce typhoid fever, and to favour the 
spread of cholera, dysentfliy, and other pestilent 
'tiseases. From one to tliree pints per diem is suffi- 
cient for the wants of the ceconomy. 

Beer ia obtained from an infusion of malt, which 
lias undergone fermentation, and to which hops, or 
Kome other bitter, has l«en added. Tlie sp. gr. of 
J']ngtisU beer is from 1010 to 1014. The percentage 
of dextrin, cellulose, and su;:;ar derived from tlie malt, 
is from 4 to 15 per cent The hop extract ia in much 
smaller ([uantity. The alcohol varies from 1 to 10 
per cent, in volume. There are some free acids. 
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chififly luetic, ncetic, gallic, and malic. Free CO,, 
■araounting to nearly two cubic inches per ounce, is 
usually present. Excess in its consumption leads to 
gonty and biliouR disorders due to the impaired elimi- 
nation of tlie products of degenpration. 

W^jnes contain from 6 to 26 per cent, of alcohol 
by volume; champagnes contiiin from 6 to 13 per 
tent., the Rhine wines generally about 10 per cent, 
port and aherry from 16 to 25 per cent. Many winea 
are fortified by the addition ot brandy for tlie English 
jnarkefc. Besides alcohol, wine contains ethera which 
are mainly instrumental in conferring aroma and 
flavour, albuminous and colouring matters, sugar, free 
acids, and salts. The total solids vary from 3 to 14 
per cent. 

Spirits, — The most common of these are gin, 
rum, brandy, and whiskey, which should contain 
from 50 to 60 per cent, by volume of pure alcohol, 
but which, when sold by retail, are often much 
diluted. 

Alcohol in one form or other is used by most of 
the civilised nations of the world as a stimulant. - 
In small quantities and in a diluted condition it pro- 
bably does little or no hai-m, but taken in escess it 
.«iuses exhaustion, and leads to poverty, and vice, and 
misery. It ia believed that under ordinary conditions 
of exercise and respiratory activity about \\ onncea 
of pure alcohol can be consumed or burnt off in the 
IKCOiioray per diem, tliougb in fresh air and with great 
muscular exertion a much larger quantity may bo 
consumed without haim. When an excess is ingested 
it ia only partially oxydised in the body, and the 
products are partly retained in the system, becoming 
H fertile source of disease, and are partly eliminated 
by the lungs and skin, communicating a peculiarly 
unpleasant odour to the breath. Alcohol in any form 
sury, and is not necessary, even if \*j \ifii w^ 



injurious, whenever severe mental or Ijodily exertion ia 
required to be wade. Its place may be advantageously 
supplied by tea or coffee. 

Tea.— Tea leaves contain 1-8 per cent of tliein, 
2-6 of albumin, 97 of dextrin, 23 of cellulose, 15 of 
tannin, 20 of exti'activea, 5-4 a-sli. Tlie tbein is 
combined witji tannic acid. The drink named " tea " 
ia obtained by pouring boiling water, free, if j 
from lime and iron, upon tea-leaves, which yield e 
sevenths of the soluble matters to the first infusion. 
Tea is stimulant and restorative. 

Coflee. — Coffee berries contain 1 ■? per cent of 
caffein, 34 per cent, of cellulose, 10 to 13 of fat. 
Sugar, dextrin, and a vegotubie acid 15'5, leguniin 10 
per cent,, with an ai'omatic oil and salts. Coffee 
infusion contains raoafc of the theiu. Coffee is a 
stimulant to the nervous system, and in excess 
augments reflex action. 

milk. — MUk is the secretion of the mammary 
glands, the activity of which commences at tlie period 
of delivery, continues for a period of about nine 
"reiontha, and, if encouraged, may persist for a much 
longer period The fluid secrettid is intended for the 
niiurishment of the infant, and contains all the mate- 
rials requisite for its nntriment, growth, and develop- 
ment The quantity discharged per diem varies from 
500 to 1,500 cubic centimetres. Its secretion is ordi- 
narily a, reflex act, the nervous circle being sensory 
branches of the intercostal nerves, a nerve centre in the 
spinal cord, and motor libres emanating from this centre 
to the gland ; in addition, the sympathetic supplies 
yaso-niotor fibres. It is certain that the mind exerts 
considerable influence upon the seci-etion, both in 
regard to quantity and quiJity. The sight or the cry 
of the infant causes a flow of lilood (termed the 
" draught ") to the bi'east ; and violent emotions may 
render it unwholesome. 
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The sp. gr. of milk varies, but is normally about 
('lOSO. It contains about 90 parts per cent, of water 
md 10 parts of solids, of which proteids, fat and sugar 
ach constitute about 3 parts, aalta \ per cent On 
landing, the fat gradually rises, as cream, to the top ; 
I and, if churned, the albumiuonB envelopes of the 
fat globules break down, and the oil-drops, running 
together, form butter. The fata of the milk globules 
are the triglycerides of stearic, palniitic, myristic, 

I oleic, butyric, and other fatty acid a. The pro- 
ieidg are completely precipitated by tannin. They 
Consist chieUy of casein, with a timall proportion of 
^rum- or acid-albumin. Casein ia a form of albumin 
which is not precipitated at 100° C, but is thrown 
down in flocculi on the addition of dilute acetic or 
Jiydrochloric acid. It is also precipitated by the 
casein-ferment of the aUiniach, one gramme of this 
ferment being capable of coagulating 30 iitres of 
milk. When thus coagulated, separated from the 
wliey, and pressed, it forma chees& The plasma of 
milk contains, besides proteids, traces of urea, kreatin, 
lactic acid, and milk sugar. -, i 

Milk mi^ar, which may be obtained by evapora- 
tdng filtered whey, forma a crystalline mass having the 
composition CoHuOb. 

The chief nalta of ntilk are sodium and potassium 
cbloride, calcium and magnesium phosphate. The 
potassium salts are more abundant than the sodium 

^^H Colontrum is the first milk secreted after delivery. 

^^H It contains little casein, but much serum, albumin, 
^^H and fat. It also contains some of the secreting 
^^^^ cells. It has a sligbt purgative action. 
^^B Selection of food. — The principles by which 
^^^^"we should be guided in tlie selection of food are that 
^^^B'lt should be digestible and wJtolesome, varied, mode- 
^^^Trately abundant, and ceconomical. The power which 
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the gastric julca poaaeaaea o£ arreating pHtrefactive 
processes enables " high " game and decomposing 
cheese, and other suljstancea that, but for this power, 
would be highly deleterious, to Ije taken as food ; but 
it ia doubtful whether, if taken in excess, they would 
not prove harmful, and there is much evidence to 
prove that the constant consumption of decomposing 
fish ia hot climates ia associated with, if not pro- 
ductive pf, leprosy. 

Food should be varied, since the persistent use of 
any particular kind breeds disgust, wliieli is only 
overcome by absolute hunger, a,nd would probably in 
no case, though it might enable life to be sustained, 
supply tlie necessary materials for the best mental or 
fljodily work. 

In regard to. quantity, it would seem to be the 
practice in all nations where food can be readily 
obtained that mnch more material is consumed thania 
absolutely required on theoretical grounds. 

In regard to recomomy much may bo said. Mole- 
Bchott found that a strong and active adult soldier 
jequired per diem ; 
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The pi-oportion of N to C is therefore as 1:15. 
That diet will accordingly be most (Economical 
in whicti this proportion ia observed, providing 
only that it is equally digestible. Molesohott 
lias placed side by side the relative quantities 
of the cbief substances which will afford to the 
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It is obvious from this, that, if cbecse lie compareij 
with potatoes, a much smaller quantity (twenty times 
less) ia i-cquired to supply him with the necessary 130 
grnmraes of albumin with cheese than with potatoes, 
and that consequently he must in the latter case con- 
sume an immense amount of superlluous nourishment. 

In like mangier, to obtain the 404 grammes of 
icarbohydi-ates he requires he must €■ 
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Egga. . . . 
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Cheese 
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Potatoes . 
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TJiat is, he need only take a moderate amount 
of rice, but must take a very large quantity of 
meat, to obtain it. Hence, as common experience 
shows, the most (economical diet is when he consumes 
liread with meat or cheese, or takes some highly albu- 
ininous compound with potatoes or rice. 

Diet and dietaries .-^The diet of different 
dasfles in the community varies with the amount and 
kind of work they have to perform : and it is often a 
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matter of importance, not only to determine what is 
RiifGcient, but also what ia least expenaiva The 
general statement may be made that the healthy 
adult man performing ordinary work requires more 
proteids and more carbon than one who ia at rest. 
If, as in poor-houses and in prisons, men do little 
work, they require less proteids, though the carbon 
cannot bo materially reduced ; for, as we have seen, 
about eight or nine ounces are given ofl' by the lungs, 
in the form of carbonic acid, by the healthy adult, 
and this is chiefly derived from the carbohydrates 
and hydrocarbons, or farinaceous and oily sub- 
stances he conaumea. Boys about ten years of age 
and women require about three-fourths the quantity 
of carbon and about one-half the quantity of flesh- 
formers coiiBumed by healthy men. The following may 
be regarded as average dietaries for dill'ereut ages ; 

(1) In infancy. — The infant should, if possible, 
be fed with the milk secreted by the mother. It 
requires from two to three pints in the twenty-four 
hours, which should be given at intervals of three 
hours. If fed at night at about ten o'clock, and be 
then kept warm, it will often sleep through the night. 
Where the mother ia unable to feed the infant, the 
milk of the cow, ass, ewe, or goat may be substituted. 
If cow's or ewe's milk be used, since both are richer 
than human milk, i.e., contain more casein and butter, 
but ai'e less sweet, one-third water and a little 
HUgar may be added to each. If artificial feeding be 
adopted, great care should be taken that the milk ia 
fresh, the vessels sweet and clean, and the tenapevature 
at which it is given uniform and about 100° F. "When 
milk cannot be obtained, good beef-tea may be given, 
and the fat should not all be removed. After from six 
to ten months' feeding at the breast, the child requires 
additional food, which may be bread, or arrowroot 
milk, or puddings made with milk, eggs, flour, 
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arrowroot, sago, tapioca, semolina, or cornflour. Tlie in- 
tervals between tte meals should be about three hours. 
In the course of the second year brose or porridge may 
be given at breakfast, and a little flnely cut-up fre^ 
meat and bread, with gravy, may be given at dinner. 

(2) In youth. — Breakfast should consist of milk or 
tea or coffee, with bread and eggs, or bacon, or fresh 
fish, and, if liked, porridge. Dinner should not be post- 
poned to a. later hour than 1.30, and should consist of 
plain boiled and roast meat (occasionally exchanged 
for fish), potatoes, or other thoroughly-cooked vegetable, 
and some farinaceous pudding, with water for drink. 
The evening meal may consist of bread-and-butter and 
tea. Children under ten should be in bed by 9 p.m. 

The following represents a sufficient diet for a 
healthy man performing a moderate amount of work ; 
Bbeakpast. — Three-qoarteiB of a pint ot aiillt; quarter at a 
pint of water, witii coifee or tea ; bread, four oanceg to 
six otmcGs; butter, three-quarters of an ounce; sugnr, 
three-quarters of an ounce ; bauin, three ounces ; or egga, 
four ounces ; or cooked meat, three ounces. 
DiNNKii.— Coolted meat, four ounces to sii ounces ; potatoeK, 
'~ eight ounces : bread, three ounces to fouroonces; pudding;, 
eight ounces; cheese, half an ounce; HOup, six ounces; 
Iter or beer, half a pint. 

-Water with tea, three-quarters of a pint ; sugar, three- 
qoarters of an onnce; milk or cream, two ounces; bread, 
thTee ounces ; tiutter, half an ounce to tliree-qitartors of an 

Sdppeb Milk, three-qoartera of a pint ; oalaneal, one oonce ; 

and bread, three ounces to four ounces ; or eggs, four 
ounces ; or cooked meat, three ounces ; and brrad, three 
Ouuoe«; butter or cheese, half an ounce; water or beer, 
half ajjint. 

When training for athletics, the object is to 

diminish auperfluous fat and water, and to effect the 

full nutrition of the nervo- muscular apparatus ; sjid 

these results are accomplished partly by judicious 

MJaeding, partly by exeivise. King when in tro.vvi\\i^ 
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ate for breakfast two chops, with dry toast ov stale 
biesd, and one cup of tea, without butter or sugai' 
(the two last were probably unnecessary reatrictiona) 
for dimier one pound, to one pound and a quarter oi' 
fresh beef or mutton, toast or stale bread, a littlu 
potato or greens, and half a pint of dry old ale ; for 
tea one cup of tea, an egg, and dry toast ; and for 
supper, gruel or half a pint of old ale. The exercise 
consiated in gentie and fast walking to the extent of 
at least twenty milea per day, and special exercise in 
r boxing, to develop certain sets of muscle. 

Id old age less food is required than in adult life ; 
the work done is less, and the nutrition of the tissues 
is much less active. The diet should be plain, and 
the staple must be milk and eggs, meat, and bread, 
whilst wine may in most instances be taken with ad- 
e to the uxtent of from four to eight ounces daily. 

Balance of the cecononiy. — Man requires, as 
a rule, a diet in which the nitrogenous is to the noii- 
nitrogenous anbntiitices as 1 : 4. It may be remembered 
fuither that the nutritive value of fat as compared 
with the carbohydrates (starch and sugar) ia as 10 : 17, 

Vierordt, who was of light weight, has given a table 
in which the proportions derived from experiments oti 
himself are sli^'htly different from that stated above, 
but which shows well the balance of the oeconomy, or 
tlie relation of the income of the body to the expendi- 
ture. It is as follows ; — 
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consumed as di'ink, and 32 grammes of Inorganic com- 
pounds (salts); tbe whole weighing about 3J kilos, 
or about one-twentieth part of body weight. 
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To this must be added 396 grammes of water, which ia 
formed by the union of osygen with hydrogen of the 
food in the body. This would contain 3:i-8!> grammes 
of H, and 263'41 of O. Twenty-six grammes of Malta are 
also eiiminated witli tlie urine, and six in the freces. 

The balance of the (economy requires further to be 
coDsidei-ed under the heads : (1) Of inanition; (3) of 
insufficient supply ; (3) of excessive supply. 

(1) In inanition, although no food ia taken, the 
animal continues to take oxygen into the system by 
the lungH, a,nd to expire carbonic acid gas by the 
same channel, and by the skin. It still gives oil' 
urea by the kidneys. It maintains in temperate 
climates a temperature much above that of the sar~ 
rounding air. These phenomena indicate that processes 
of oxydation continue, and as no supplies are introduced 
from without, it is clear that the animal must live upon 
its own tissues, and that even though it may he 
naturally a vegetable feeder it is now a carnivore. 
As might be eitpected, those tissues which most readily 
oombine with oxygen are the first to waste. The fat, 
for example, quickly disappears, and, caeleris paribug, 
the fatter the animal, the longer is it able to sustain 
uiplc'to deprivation of food. Gradually, liowevoi-. 
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the ftlbuminaus constituents are more and more drann 
upon, and the muscular tissue, the solid organs of the 
body, as the liver, spleen and kidneys, the skin, and 
nervous system, contribute their portion of nutritious 
matter to preserve life. With the reduction of the 
mass of the body all the pi-oceases of life are conducted 
more feebly, and the loss of weight is much slower as 
the term of life ia approached. It is estimated that 
for each kilo of body weight the loss of weight in man 
on the second day of fasting amoimts to 0'13 gramme 
of nitrogen, and 2"59 giammes of carbon, or upon tlie 
whole he loses about 50 grammea of albumin per diem. 
Death usually ensues in man at the close of the third 
week, when the body has lost nearly half its weight 
Bxamination of the body shows that the fat has 
almost wholly disappeared ; the liver and spleen have 
lost more than half their weight ; the muscles one- 
third ; the kidneys one-fourth. The biain and heart-, 
however, continue to be nourished at the expense of 
the rest of the (economy, the brain only losing one- 
tenth of its noriaal weight, and the heart only one- 
fortieth part Access to water enables life to be 
considerably prolonged, probably by enabling the 
blood to absorb the waste products of the tissues, and 
by promoting their combustion. The appearitnceB 
presented in oases of inanition correspond with the 
physiological conditions. The body becomes lean and 
angular ; the eyes sunken ; the cheeks hollow from the 
loss of fat ; the nerves and muscles iose their powers ; 
the mental faculties become clouded, and deliriiUQ 
may occur ; the gait is tottering ; the secretions fail ; 
the mouth ia dry ; sordes collect on the lips ; the urine 
is scanty and turbid ; the stomach usually contains a 
little acid fluid, and the gall bladder is full owing to 
the accumulation of the bile, which, slowly secreted, is 
no longer required for digestion ; the temperature 
slightly falls, especially towards the close of life. 
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■ (2) Akin to inanition is an imu^cient diet ; 

id this may be of two kinds, one in which the 
quantity of appropriate food is inadequate in quan- 
tity to sustain the body, and another in which the 
diet is limited to a particular aliment, as fat, 
starch, sugar, gum, or albumin. It is clear that 
the first four substaoces cannot supply the wanta 
of the (economy ; for they contain no nitrogen, 
■which is an essential element in the composition of 
the nervous, muscular, glandular, and other tissues, 
and the animal body is incapable of assimilating the 
nitrogen of the atmosphere. The ntmost, therefore, 
that an exclusive diet of fat or of farinaceous or 
saccharine substances can do, is to spare the con- 
snmpfcion of the fat and proteids of the animal's 
own body, and to permit tliese substances to be other- 
wise applied, and by combining with oxygen to main- 
tain the temperature. The want of some nitrogenoua 
food is soon perceived, and, after a brief period, the 
fat or starch is refused. An eioluaive diet of albumin 
would seem at first sight to be possible, since albumin 
fiontaina nitrogen, and, there is reason to believe, is 
capable of breaking up in the body into nitrogenoua 
and non-nitrogenous compounds, the fonner of which 
supply nourishment to the tissues, whilst tie re- 
mainder, amounting to 60 per cent, of the weight of 
the albumin, may be regarded as fat, and can be applied 
to the maintenance of heat. But, as with starch or 
fat, the use of a single article of diet soon produces 
an unconquerable aversion to it, and the subject of 
the experiment, whether animal or man, turns away 
from it vritb disgust 

(3) When food is taken in erceaa of the require- 
ments of the teconomy, the body increases in weight 
up to a certain point, and fat is deposited; and this 
tendency may bo intensified by hereditary predisposi- 
kin, by diminished activity of mind and body, and li'^ 
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the reproductive functiona. A tendency 
lo corpulency may test be met by reducing the qiiantity 
of food, and especially of the saccharine and oily anb- 
atances. The formation of fat, and its deposition in 
the body, may result from an excess of either fals, fari- 
substa.nGes, or proteids. The deposit of fat iu 
the body when the diet is rich in oily substances is not 
Burprising, that portion which is oot osydiaed being 
simply retained in the body. In carnivora, the 
quantity of fat taken in the food is sufficient to main- 
tain the fat of the ceconomy, which is usually small in 
quantity at its normal amount There is some evi- 
dence that the carbohydrates are a source of fat, for 
the negro fattens during the sugar-cane harvest, when 
he con&umes much sugar; carnivora fatten when starchy 
sabstancea are added to their food, and bees produce 
■wax when fed almost exclusively on honey. From a 
chemical point of view, however, the transformation of 
starch or sugar into fat is difficult to explain ; and it 
has been observed that, if the proteids are entirely 
absent from their food, bees cease to form wax. 

It is now very generally admitted that the 
proteids can pi-oduce fat by breaking up in tjie body 
into an azotised portion, which is applied to the 
nutrition of the tissues, and a non-azotised portion, 
which can be applied to the development of force and 
the maintenance of heat, or which may be stored up 
in the body as fat In support of this, the conversion 
of muscular tissue into adipocere after death is 
adduced, as also the formation of fat at the expense 
of co.sein in Roquefort cheese, and the well-known 
fact that in lactation a freer secretion of milk is 
induced by a more abundant supply of albuminous 
food. Again, the larvce of flies, placed on coagu 
' lated blood, which contains but little fat, contain 
in the course of a few days ten times more fat than 
before. 
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CHAPTER VII. 



DIGESTION OF FOOD. 



The first acts to which solid food is subjected when 
introduced into the mouth are those of mastication 
and iDsalivation. 

DfasHcalJon. — Miiatication is effected by the 

movementa of the movable lower jaw against the fixed 

upper jaw, in both of which teeth are impiauted, ai' 

by the tongue and the secretion of the salivary g!ai 

The teeth are divisible into groups, each having ita 

fcltwn function. There are in each jaw four ii 

lllaving cutting edges for the purpose of prebei 

md detachment of morsels of food of appropriate 

' !e ; two sharp-pointed canines or laniaiy teeth, for 

trieroing hard objects and tearing the food ; and four 

?acuspida and sis. molars, having broad and irre- 

■pilB,r surfaces, for grinding the food and reducing it 

a pulp by mingling it with the saliva. 

The jaws are oi'dinarily kept in apposition by the 

} of the air wlien the mouth is closed; 

rity is then perfectly free from air, and the 

i exerted is equal to a column of mercury of 

Hbont 3 mm. in height 

The descent of the lower jaw is effected by its 
1 weight, aided by the platysoift and by the ante- 
rior bellies of the digastrics, the mylo-hyoid and 
genio-hyoid moscies, which are enabled to act by the 
fixation of the hyoid bone and larynx, by the stemo- 
tliyroid and thyio-hyoid, and by the stemo- and omo- 
hyoids. The elevation of the lower jaw is accom- 
plished by the combined action of the temporal, 
..massBter, and internal pteiygoid muscles. The for- 
^ward movement of the lower jaw is effected by the 
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external pterygoid, the backward movement by tha 
internal pterygoid. Lateral movements are efi'ected 
by the alternate action of the pterygoida of opposite 
sides. The accumulation of food between the teeth 
and the cheeks is prevented by the contraction of the 
buccinator muscle and the orbicularis oris. 
The mator nervous supply is as follows : 

1 . The temporal 

2. The nmBsetrr 

3. The ptcrvgnida 
*. Thebuwinator 
6. Ths mylo-hvoid 
6. The anterior belly of 

the digastric 
1. The genio-hyoid 

3, Tha amo-hyoid 
8. The Bterno-hyoid 

4. The etemo-thyroid 
fi. The thyro-hyoid 

1. The poBterior belly of 

the digastnc 

2. The Btylo-hyoid 

3. The miucleB of the 

The sensori/ nen'«a are the fifth, ninth, and tenth 
cerebral nerves. The nerve-cen/re presiding over the 
movements of mastication is situated in the medulla 
oblongata. 

The teeth appear in a certain order which it is im- 
portant to remember, since tlie order in which the teeth 
are cut affbrdB one of the best means of determining 
the age of a child. There are two sets of teeth, a first, 
deciduous, or milk set, and a second, or permanent set. 

The deciduous teeth are twenty in number, and 
appear in the following order ; 

Four central indsorB I (lower Jbw earlier 7th month after birth. 
„ lattrul indaora ) than upper] . 8~]0th „ „ 



of the tliiid diviai 



anppliEd by the bypogloanj 



are supplied by the fadaL 



poatorinr molars . 
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The permanent set number t hirty-six , anil the 
teeth are cut in the following order ; 

"rfFiret true molara 7th year. 

itCenti&l inciaora 8th year. 

^Idteral mcisQrs 9th year. 

ifrFirat bicunpida 10th year. 

ifSecnad bieuspida 11th year. 

liCanineB 12 — lath year. 

((■Bocond molars 12 — ^Hth year. 

.y^frd molars (wisdom teeth) . . ISth year, or later. 

^ Insalivatlon. — During the act of mastication, 
and principally to facilitate tJiis act and that of 
deglutition, the food is incorporated with saliw, 
which ia secreted by the salivary glands, and is 
abundantly discharged into the mouth, from whence 
it may be obtained by allowing it to fall into a vessel ; 
but, to ohtain the secretion of particular glands, a can- 
nula must be introduced into the duct of the particular 
gland the secretion of which it is deeired to investigate. 

The salivary glands are divisible into two seta, the 
moat important of which, including the submaxillary, 
Bublingual, and the pa,rottd glands, lies external to 
the oral cavity, whilst the other, including the labial, 
buccal, palatine, and lingual glands, ia embedded in 
the walla of the mouth. 

Characters of the saliva. — The secretion of 
the parotid gland is thin, has au alkaline reaction and 
a specific gravity of 1003 or 1004. It contains 98'5 
per cent, of water and about 1 '5 of solids, the most 
important of which is a ferment named ptyalin and 
salts, amongst which sulphocyanlde of potassium is 
interesting. This salt gives a red colour with iron 
chloride and sets free iodine from iodic acid, which 
may be recognised by a blue colour appearing on 
the addition of starch. 

SubmaxUlarr saliva is strongly alkaline ; it 

mtains mucin preci]iitable by acetic acid, the fex^^tt*. 




Human Physiology, 



LChip. VII. 



ptyalin, and Baits, amongst which potassium sulplio- 
cyanide is again present. 

Sablingaal saliva ia alkalme, tenacious from 
containing much mucin, has numerous salivary cor- 
puscles, and a trace of potassium aulphocyanide. 

nixed saliva is alkaline, has a specific gravity 
of 1005—1009. It ia cloudy from the presence of 
epithelial scales and salivary corpuscles, which per^ 
form amceboid movements, fragments of food, fila- 
ments of an alga, named leptothrix buooalis, and 
Rome other mineral organisms. It, of course, contains 
ptyalin, mucin, and salts. 

The quantity secreted per diem varies from 200 
to 1,500 grammes. 

Uses of tlie saliva. — In connection with the 
digestive act the saliva (1) moistens the food and pro- 
motes mastication and deglutition, for, as a rule, the 
drier the food the more saliva is secreted ; (2) it dis- 
solves saccharine, saline, and various Siipid substances ; 
and (3) it exercises a saccharifying or diastatic power on 
Btaren. This action is effected through the agency of 
the ptyalin or hydi'olytic ferment it contains, and seems 
to be of a complex nature, starch paste becoming in 
part converted tirst into soluble starch or amylo-dextrin 
and erythro-dextrin, which last reddens with iodine, 
and then into (1) achroo- dextrin, which does not give 
any colour with iodine, (2) maltose, (3) grape sugar, 
whilst part i-eaists the action of tlm ptyalin beyond 
the stage of acbi-oo-dextrin. Stating the changes 
shortly and excluding the intermediate changes, the 
action of saliva is to cause dextrin to take up an 
equivalent of water, converting it into glycose. Thus, 

8tiuvh. Dextrin. Daitrin. Ql^cosa. 

C,H„05 = C,H,„0, C,H,oO, -|-H,0 = C,H„Or 
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moifitens the mouth and enables the functions of 
taate to be duly performed ; (2) it facUitatea the 
movement* of the tongue in speech ; (3) it contains 
Iphocyanide, which preventa the decay 
fragments of food lodged between the teeth, 
id the development of leptothrix and other fungi ; 
[4) being constaatly secreted, it occasions frequent 
of deglutition, which open the Eustachian tube 
equalise the pressure of the air within and 
■without the tympanum. 

Ptf alin. — The activeferment of the saliva, ptyalin, 
may be obtained by acidulating saliva with phosphoric 
acid and adding lime-wat«r. The precipitate of lime 
phosphate which falls,' caiTiea down with it ptyalin 
proteida, and from this it may be obtained by 
ing the precipitate with water, and precipitation 
the watery solution by means of alcohol The 
iniperature at which ptyalin acts beat as an amylo- 
iic agent, that ia, at which it is capable of converting 
moat energetically, ia between 
'S£l° and 41° C." It is aiTested at 60° to 70° O. A 
inite quantity of starch paste only can be converted 
ito glycose by a limited amount of ptyalin, and a large 
interferes with its actioii. Ptyalin 
'acts much more quickly on boiled starch than on the 
raw material. With boiled starch the presence of 
sugar can be demonstrated in a minute or less after 
admixture with saliva, whilst with raw starch from 
half-an-hour or two or three hours is required. An 
estimate of the quantity of sugar present may be 
obtained by allowing the fluid to ferment and collect- 
ing- the CO, given offi 100 parts of CO, by weight 
j -correspond to 204 54 of sugar. 

For the teats for grape sugar »ee page 6. 




The saccharifying action of ptyalin 
) best in neutral or in slightly a" 
I impeded or aiTeated by so ei 
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acidity em is produced by 0-02 per cent of hydro- 
chloric aciiL Hence it is stopped wliec the contents 
of the BtomacL are strongly acid, though it may re- 
commeiice when the adds present are neutralised. 
Ptyalin is only contained in the salipa of the parotid 
gland of the new-hom child, but at a later period in 
that of all the glands. 

Innerration of tbe salivary glandSi — The 
secretion of saliva is a reflex acL The spinal neiiw- 
eenfre presiding over the process is situated either at 
the level of the facial nucleus or a little above it, and 
the psychic centre is probably near the sulcus 
cmciatua ; but the submaxillary sympathetic ganglion 
acta also aa a centre. 

The sensory nervea are, (1) the Fifth, and (2) the 
gloaso-pharyngeal. 

The motor nerves are (1) the chorda tyinpaaicS. 
the facial, and (2) the eympathetie. 

The glands may also be excited to action through 
the olfactory nerve and by the gastric terminations of 
the vagus. 

The sensory branches of the fifth nerve and of the 
gloaso- pharyngeal nerve conduct gustatory impressions 
from the tongue or palate, according to their distri- 
bution, to the medulla oblongata, and excite the 
gustatory centres situated in that region to originate 
impulses that travel to the glands through the facial 
and sympathetic nerves,> and stimulate them to 
secrete sabva. The facial and sympathetic nerves Bi-e 
therefore said to contain secreto-motory fibres. The 
action of these two nerves upon the submaxillary 
gland of the dog, where it has been chiefly investigated, 
is remarkable. Both nerves contain fibres that act 
Upon the blood-vessels of the gland. When the chorda 
tyrnpani is stimulated tbe vessels enlarge, and more 
blood passes through them, and this nerve must either 
contain fibres that cause the uiusouhir coat to dilate 
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^ly, or fibres whidi iuliibit tli& action of the 
mpathetio and permit tliGir coats to dilate passively. 
Under any circumstancea, the action of the chorda 
when stimulated ia that of a vaso-dilator. When the 
sympathetic is stitnulated the vessels contract in 
diameter and less blood passes through them. But 
stimulation of these two nerves has another eflfect 
It causes an alteration in the quality of the secretion. 
When the chorda tymjiani is stimuliited the secretion 
is limpid and abundant. When the sympathetic ia 
stimulated the secretion is scanty and mora viaeid. 
Both nerves, therefore, in addition to fibres influ- 
encing the size of the vessels, contain fibres that 
stimulate the salivary cells to secrete. But it may 
be said the effects oq the secretion are just those 
which might have been expected from the influ- 
ence of the nerves on the circulation. The facial 
nerve, or the chorda tympani (which is the same 
thing, since the fibres given off by the facial nerve 
to the gland run in the chorda tympani), when stimu- 
lated causes dilatation of the vessels, and a more 
rapid circulation through the gland Hence, the 
secretion is thin and copious ; the sympathetic fibres 
contract the vessels and di min ish the flow of blood 
through the gland, and therefore when they are 
stimulated the secretion is slower, and it is more 
tenacious and of higher specilio gravity. What 
need, then, is there to admit the existence of secreto- 
motory nerves 1 The reply is that the activity of the 
circulation and the activity of the secretory process 
bear no direct or necessary relation to each other, for 
(1) on stimulating the chorda tympani secretion takes 
place even though the vessels supplying the gland 
have been ligatured ; (2) if atropia be subcutaueously 
injected into an animal and the chorda tympani be 
stimulated, it will be found that the vessels dilate and 
La greatly augmented quantity of blood passes through 
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^^B the gland, bat that there ia no increase in the quan- 
^^B tity of saliva, from which it would appetur that the 
^^V alkaloid hBiS hud no effect upon the ya^o-dilator fibres, 
^^P but that it has paralysed the secreto-motor fibres ; (3) 
^^K it lias been ascertained by direct measurement with 
^^H the manometer that the saliva is secreted under a 
^^P pressure greater than that of the blood in the blood- 
^^K Tessels, in fact, in some instancea, amounting to 
^^P nearly double this pressure. From all these circum- 
^^B stances it is concluded that the facial nerve contains 
^^V fibres which directly stimulate the gland cells to 
^^K eeci'ete, and Pfliiger believes that he has actually ' 
^^P followed nerve fibres into the gland cells. It is con- 
^" eluded from analogy that the sympathetic also con- 
tains two seta of fibres. Wlien all the nerves distri- 
. buted to the gland are divided a thin saliva is con- 
tinuously secreted, named paralytic galiva, which only 
I ceases when the nerves have undergone complete 
degeneration. 
The nerves of the parotid gland are less certainly 
known, hut it receives sensory fibres fi-om the fifth, 
and can be made to secrete by stimulation of the 
nervus petvosus superficialLs minor, which is a branch 
■of the facial, and is joined in the tympanum by a 
blanch from the glosso-pharyngeal. 

Phenomeoa accompany I ngr stimnlailoD 
of Ihe secreto-molor nerves. — The gland be- 
comes more vascular. The arteries dilate, the veins 
* convey scarlet blood, and may, owing to the enlarge- 
ment of the capillaries permitting freer passage of 
'blood, pulsate. The temperature rises a centigrade 
■ degree or more. 
MovcmeDts of tlie ton^nei — These are of 
importance in subjecting the food equally to the 
enishing action of the teeth, in separating it into 
morsels fit for deglutition, and in pressing each morsel 
backwards to the fauces, where the act of deglutition 
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commences. The complexity of the inuacular faaciculi 
of the tongue enables it to be moved in all directions, 
protruded by the genio-hyogloasus, aided by the 
tranaversus ; retracted by the hyoglossus, atyloglossua, 
and palatoglossus, aided by the longitudinal fasciculi ; 
depressed by the hyoglossus ; elevated towards the 
tip by the anterior part of the superior longitudinal 
fibres ; towards the middle by the action of the 
mylo-hyoid, which elevates the hyoid ; towards the 
base by the styloglossus and palatoglossus, and by the 
Stylo-hyoid ; turned to either side by the contraction 
iof the longitudinal fascic^uti of the side to which it is 
i-tnmed. Hollowing of the dorsum ia effected by the 
pontraction of the genioglossi, aided by the transvenw, 
and vertical fasciculi. Most of the muscles of tlie 
tongue are supplied by the hypoglossal nerve ; the 
inylo-hyoid receives branches from the fifth ; the stylo- 
hyoid from the facial. 

I>eillatition.^The food taken into the mouth 
having bean reduced to a pulp by the acts of masti- 
cation and insalivation, which should be thoroughly 
performed, is divided into boluses of appropriate 
ifdze by the tongue, aud pressed back by it to 
'ttie anterior pillars of the Alices, where deglutition, 
which is an involuntary act, commences. The 
mass is first seized by the palato-glossal and palato- 
pharyngeal muscles ; the dorsum of the tongue is 
rendered prominent and arched by the styloglossi, 
which press it backwards ; then, secondly, the soft 
palate is raised and stretched by the levator and 
tensor pnlati of each side, which shut off the opening 
of the nares, and render the dorsum an inclined plane 
by which the bolus is guided into the grasp of the con- 
Btrictors of the pharynx ; by their peristaltic action 
from above downwards it is finally propelled into 
the (Esophagus, through which it ia driven into the 
stomach. The bolus in this course has to travel over 
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the upper opening of the glottis, wliioh is a critical 
moment, and the entrance of food into the trachea is 
very carefully guarded against. To prevent it the 
whole larynx rises by the action of the genio-hyoid 
and by the anterior belly of the digastric and mylo- 
hyoid muscles, whilst the epiglottis is drawn down- 
irtirdB, which effectually occludes the orifice, and, as an 
additional protection, the rima glottidis is closed. 

The nerve centre for the acts of deglutition is 
situated in the medulla oblongata ; the amieory fibres 
belong to the fifth, which supplies the velum palati ; 
to the flosao-pharyngeus distributed to the tongue and 
pharynx, and to iJie superior laryngeal branch of the 
vagus supplying the epiglottis and rima glottidis. 
The motor nerves are derived from the hypoglossua 
supplying the tongue; the glosao-phaiyngeua supplying 
the mnaclea of the pharynx, the facial supplying the 
levator palati (peristaphylinus intemus) ; the tifth sup- 
plying Uie tensor palati, the suprahyoid muscles and 
the muscles of mastication j and the vugus supplying 
the muscles of the larynx, and of the tesophagus. 

Tlje trastric juice. — The glands of the stomach 
secrete a fluid that possesses strong digestive powers. 
It may be obtained by introducing a clean sponge 
into lie empty stomach of a dog, and giving the 
animal some fragments of cartilage to digest for a short 
time, and after a few minutes with draw big the sponge; 
or by making a gastric fistula. It is a nearly clear, 
slightly yellowish, acid fluid, which does not cloud on 
boiling. Its specific gravity ia 1003v5, and it contains 
one half part per cent, of solids. The quantity secreted 
varies from a few to many ounces, according to the 
nature and quantity of the food. It contains (1) Jre» 
hydroo}ihrie add in the proportion of two parts in 
lOOO ; (2) pepuin, a special hydrolytio ferment, in tlie 
propoi-tion of three parts in 1000 ; (3) salt*, of 
which sodium and potasaiuni chloride are the chiif. 
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fftero parts in 1000; (4) munu ; after tlie 
l;{ftrticalar iirticlea of food, as milk aiid butter, lactic 
Laud bnt^c acids may occur. The acids seem to be 



r. Secreted by the 
i the gastric glands, 
^^. alkaline. More 
Oyected into the vi 
^^ blue discoloratic 
! ferTOcyanidi 



ar the orifice of the ducts of 
ce the deeper part of the glajida 
ir, if potassium ferrocyanide be 
i of dogs, and then iron lactate, 
owing to the decomposition of 
urs on the surface only. The 
pepsin IB secreted prohalJy by the chief cells, which 
line the glands of the stomach, and they contain most 
p^sin when they are large and clear. The chief ceUa 
in a fasting aoimal are pale and finely granular ; their 
fines of demarcation, or honndaiy lines, are not very 
itrongly defined, and they do not beoome strongly 
■tinged with carmina During digestion they becoms 
doudy and stain with carmine, and are more granular, 
contrasting in this respect with the cells of the pan- 
creas, which become more transparent and lose their 
gmnolar character during action. 

- The origin of tlie acid baa been attempted to be 
explained on cltemical grounds by the fact that there 
ore fluids of alkaline reaction which may contain two 
acid and mutually inotfenAive salts, but still have an 
alkaline reaction, because the acid reaction is obscured ; 
ioT instance, a solution of neutral sodium phosphate 
Wa^PO, and acid sodium phosphate NaHjPOj 
IB alkaline. Such a solution placed in a dialyser 
after a. short time gives up its acid salt to the sur- 
rounding distilled water, and thus thei-e remains in 
the dialyser an alkaline fiuid, whilst ouLside of it is 
an acid fluid. Further, if neutral phosphate of soda 
be mixed with calcium chloiide CaCl,, we get calcium 
triphosphate, sodium chloride, and free hydrochloric 
acid, aa in the following equation ; 
aNa,HPO. + ^CaCl, = Ca.PO< + 4NaCI + jHCL 
(Ewa!d.1 
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But hydrochloric acid possessefl a high diffusive power ; 
it passes three times as quickly through the dialyser 
salt, aud hence, once formed in the blood, 
it may easily pass into the gastric juice. Such 
chemical theories arCj however, not very satisfactory, 
and the production of the acid, like that of the 
ferment, must be regarded as a special property of 
the proto]tlasni lining the cells of the gastric glands. 
It is certain that the elimination of a large quantity 
of acid by these cells leaves so much alkali in the 
blood that when the stomach is in full digestion the 
urine, usually acid, becomes neutral, or even faintly 
alkaline, and often cloudy from precipitation of BOme 
of its salts. 

Pepsin. — The active principle of the stomach is 
a soluble hydrolytic ferment named pepsin. It may be 
obtained, in a more or less pure state, in several ways. 
(I) By making a glycerin extract of the gastric 
MUCOUS membrane of a recently-killed pig or other 
mammal, and treating it with alcohol A white 
precipitate fails, which is soluble in water, and acta 
like pepsin. (2) By extracting the mucous niemhrane 
with a 3 per 1000 solution of hydrochloric acid. 
(3) By rubbing down the membrane with 5 per cent. 
of phosphoric acid, and allowing tbe digestive process 
to take place upon it for a short time. On the 
addition of lime-wat«r a voluminous precipitate falls, 
Thich carries with it the pepsin. The mass is washed 
with water, and treated with weak hydrochloric acid. 
To this fluid, containing the pepsin, a solution of 
diolesterin in four parts of alcohol and oi>e of ether 
is added, when a second voluminous precipitate falls 
which again contains the pejisin. The precipitate is 
washed with weak acetic acid, and the choleaterin is 
finally dissolved away by ether. 

When the stomach is empty it is quiescent, pre- 
sents a pale i-osy tint, and contains little or no 



^Ohp. vii.j DiGESTiaif OF Food. 

gajitric Juice, but tlie surface is covered with a thin 
layer of mucus. No aooner is food introduced thsn, 
apparently by a reflex action taking plane tlirough the 
aympathetio centres and the fibres of Meisaner's plexus, 
the circulation quickens, the vessels enlarge, the 
colour of the mucous membrane becomes deeper, the 
venous blood returning from it m of a brighter hue, and 
gastric juice is poured forth from the glands. 

Action or the g:astrlc juice on protefds,— 
The essential action of the gastric juice on the food 
entering the stomach is to seize upon the proteids, 
and convert them from colloidal and insoluble 
substances into soluble or crystalloid coBipounds, so 
that they easily enter the blood. All varieties of 
albumin are converted into peptones, and it may be 
demonstrated that nearly twelve times more peptone 
will pass through an animal septum than albumin. 
The action o£ the gastric juice on albumin may be 
observed outside of the body by placing small cubes 
of white of egg in the pure juice obtained from a gastric 
fistula, or in an artificial juice made fay adding a 
3 per 1000 wat«ry solution of hydrochloric acid to 
pepsin in the projiortion of 2 per 1000, and main- 
taining the mixture at a temperature of 37° or 38° C. 
(gT'F.). In the course of an hour or two the edges of 
the cube will be found to be swollen and hyaline, and 
ultimately a large portion undergoes solution in the 
fluid, especially if the process be assisted by gentle 
agitation. The solution thus obtained contains 
peptones, and there seem to be several intermediate 
steps in. the process ; substances termed A- B- and 
o-peptones, differing in minor particulars from each 
other, being formed, whilst slight diflerencea exist be- 
tween the peptones of albumin, casein, glutin, and other 
proteids. The general characters of peptones by 
which they are distinguished from albumins are ; 

(I) That they are soluble in water. 
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(3) That they do not coagulate when heated. 

(3) That on the addition of an alkaline solution, 
and a drop or two of solution of copper sulphate, a 
purplish colour, differing from the pure violet of 
soluble albumin, is produced. 

(4) When much diluted, solutions of peptones are 
not precipitated by nitric or acetic acida, or by neutml 
salts of soda and magnesia. 

(5) With strong nitric acid they give the xantho- 
proteic reaction, 

(6) They aie not prp<!ipitated when treated with 
rtrong acetic acid and ferrocyanide o£ potassium, 

(7) They are precipitated from neutral or weakly 
acid solutions by solution of corrosive sublimate, nitrate 
of mercury, nitrate of silver, and of tannic, phcffl- 
pho-molybdic and phoepho-ttingstic acida 

Lastly, when injected into the blood they do not 
reappear in the urine in the form of albumin. 

If the gastric juice be allowed to act for a long 
time on peptones, leucin, tyrosin, and other products 
of the disintegration of albumin appear. 

The convereion of album ina into peptones only 
takes place in the presence of an acid, and, although 
it may be imitated outside of the body, the action is 
much inore rapid and perfect in the body. This is 
due (1) to the circumstance that, in the stomach, 
each portion of peptone as it is produced is at once 
removed by absorption, which is of courae iraposaiblo 

artificial digestion ; and (3), which is still more 
important, fresh acid and fresh pepsin are con- 
tinuously secreted in gastric digestion, and, it is not 
improbable, in proportions adapted to the mutters that 
have to be dissolved. In the case of Alexis St. 
Martin, a young Canadian, who, as the result of a 
gunshot wound, had a fistulous opening into the 
stomach, Dr. Beaumont found that meat was digested 
and absorbed in the course of two houi's, that required 
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eight or ten hours to be completely digested wheu 
submitted to the action of artihciaJ gastric juicBi No 
absolute period for the digestion of food can be laid 
down, since it varies with the duration of the pre- 
vious fast, the amount of exercise taken, the quantity 
and the quality of the food ingested, and the state of 
the health. 

Milk is immediately coagulated in the stomach, 
owing to the precipitation of casein; and, since this takes 
place when thefree acid is neutralised, and does not take 
place when pure pepsin is added to milk, it is believed 
that a special ferment, named by Hammarsten lah- 
fermeiU, or rennet-ferment, is present, which possesses 
the property of quickly developing lactic acid out of 
lactose or sugar of mUk. This ferment seems to be 
most abundantly produced in infants, and its activity 
may be estimated when it is stated that 1 part of 
rennet/ermenf can precipitate POO.OOO of casein. 

Meut is quickly broken up into detached fibres by 
the solution of the connective tissue between them ; 
tlie transverse strias become very distinct, the clear 
striae dissolve first, and finally the whole disappears. 
Beef is more digestible than mutton, whilst veal and 
pork digest slowly. The flesh of young animals 
digests more rapidly than that of old ones, and lean 
meat quicker than i&t. Cooking, by softening the 
tissues, favours digestion. 

Fibrous tissues, as tendons and ligaments, dissolve 
with a rapidity proportioned to their firmness, and 
even cartilage is slowly acted on. Gelatin, which is 
obtained by boiling the tendons, skin, and other con- 
nective tissues, is dissolved in gastric juice, and 
converted into a. kind of pcjjtene. It loses its 
power of gelatinising. 

AkUou of the gnstiin juice on oilier con- 
8lilnen(H or food. — -Gastric Juice has no action on 
the oih and foi» ; but it is cajiable of dissolving the 
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connective tissue uniting fat celln into lobulea, nnd of I 
dissolving also tho walls and protoplasm of tho fat, | 
cells, thus sotting the coiitaiiied oil-globules free. 

Stareh ia also unacted on by the gastric juice, but ] 
it is said to convert the erythro-dextrin and achroo- 
dextrin resulting from the action of saliva on starch 
into glycoae. Cane sugar ia gradoally converted i 
grape sugar. 

CoDditions interfcruiB' inth gastric di- 
geslioii. — If a large excess of food be taken into 
the stomach, imperfect digestion takes place, and the 
partially-dissolved products are apt to excite irritation 
throughout the ■whole length of the alimentary canal. 
The presence of unwholesome or indigeEtible material 
leads to the secretion of an excess of acid and gastric 
derangement. Raw fruits of close texture, as apfjlea, 
preserved fruits (as candied lemoo and orange-peel), 
raw turnips and carrots, though they may he eaten 
with impunity when violent exercise is taken and the 
supply of more appropriate food ia insufficient, yet, 
when given to children, are a fertile source of dis- 
order. The consumption of alcohol, except in elderly 
people, ia unnecessary, if not LarmfuL It is useful 
when the quantity of food is insufficient, and weil- 
matured wiae is probably the best form in which to - 
take it. Large quantities impede, or may Kltogether 
arrest, digestion. 

It has been found that the ingestion of large 
quantities of sugar impairs digestion, by causing the 
secretion of mucus, which acts injuriously in two 
ways : first, by preventing the gastric juice from 
becoming incorporated with the food, and secondly, 
by interfering with the absorption of that which is 
absorbed. lastly, it may be remarked that, for proper - 
digestion to be effected, a short period of repose 
BJiould be permitted after a nieai Exercise, whether 
of the mind or body, interferes witli digestion, by 
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jpithdrftwing to the brain, or musclea a portion of 
lie blood that should be engaged in supplying the 
materials for the digeative process. 

The stomach contains more or less gi<s, partly 
ierived from air swallowed with the food and saliva, 
rtly generated during the process of digestion. In 
one specimeo, obtained from a dog five hours after 
feeding, 100 volumes contained CO, 25-2, N 68-68, 
d 6-12. 

IHovenicms el' the stomach. — The movements 
Lof the Btomach have been chiefly observed in animals, 
ccasiooal opportunities have presented them- 
man, after injuries and in cases of extreme 
rophy. They are efifeoted by unstriated muscular 
disposed as to form an external layer 
I longitudinal fibres, an internal layer of circulHr 
fibres, which is greatly developed at the oardiiic _, 
bid still more at the pyloric orifices, and of an 
intermediate layer of oblique fibres, occupying the 
When empty, the stomach ia probably at 
BBt, but soon after food ia ingested movements com- 
In the earlier periods of digestion, general 
^ntroction and sliortening of the muscular fibres 
eur, the walla of the stomach equably compressing 
e food that has been introduced ; but, after a time, 
mtractiou and relaxation succeed each otber alter- 
wtely, the contractions sometimes travelling in au 
indulating manner along the walls, whilst at other 
[^times deep constrictions are formed, alm<Kt separating 
the contents into separate portions. This often 
occurs near the middle of the stomach, or about three 
or four inches from the pylorus, the constriction tliut 

I'ficcurs at this point giving the stomach an hour-glass 
ifbnu. The wave of coiitractioo usually passes from 
left to right, and is then termed " peristaltic " ; Bome- 
jtimes in the opjwsite direction, and is then termed 
"anti-peristaltic." The movements are not very 
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energetic at rapid until towards the cloae of chymifioa- 
tioa, when the contents of the stomach have partially 
entered the duodennm, and they are best marl^ecl 
along the greater curvature. A. peristaltic wave 
occupies about a minute in travelling from one end of 
the stomach to the other. The intervala betweea 
successive waves vary, but are shorter towards the 
close of digestion. Movements have been observed 
to take place after death. By some observers, as 
Brinton, the anti-peristaltic movement is denied, and 
the recurrent movement of the contents of the 
stomach, which undoubtedly occurs, is explained by 
considering that the peristaltic action of the gastric 
walls forces towards the pylorus the food in contact 
with them, hut, the pylorus being closed, a reversed 
axial current is produced, the presence of which haa 
led to the admission of an anti-peris tat tic movement. 

InDaence or tbe dcftoub system on the 
Stomach, — The stomach is supplied by the vagus 
and by the sympathetic nerves. The vagus contains 
fibres derived from the spinal accessory, which is a 
motor tierve. The evidence in. regard to the effects 
both of section and of stimulation of the vagus on 
the movements of the stomach is unsatisfactory, and 
even contradictory, perhaps owing to different periods 
of digestion having been selected, and in part also to 
different animals having been chosen for experiment. 
Many observers have noticed paralysis of the stomach 
after division of the v^us ; but others have seen 
some movements continue, or even that they have been 
as vigorous as before. Stimulation of the vagus by 
means of electricity causes contractions of the stomach 
to occur in the course of five or six seconds, especially 
during full digestion ; but, when the stomach is 
empty, the contractions induced are feeble, or they 
may be altogether absent. Movements of the stomach 
have also been noted after stimulation of the two 
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Bympathetics, the first thoracic ganglion and the solar 
plexus. Stimulation of the corpora quadrigemina and 
optic thalami in some instances excites gastric moye- 
ments. DestructiOQ. or removal of the brain and 
spinal cord renders the stomach more irritabla The 
splanchnic nerve is thought to be the inhibitory nerve 
of the stomach. Direct irritation of the stomach, as 
by scratching, pinching, or the application of initants, 
only causes local and limited contractions. Opium 
inhibita the movements of the stomach. When dis- 
tended, the stomach is subject to considerable passive 
movements, through the action of tlie diaphragm, and 
even of the heart. 

Self-digestion of the stomacli. — After death, 
if this has taken place during the digestion of food, 
it ie not uncommon to find a large ragged orifice vith 
them, and softened edgea in some part of the wbJI of 
the stomach. In some instances the contents of the 
stomach have been found in the peritoneal cavity. 
Perforations of this kind are due to the action of the 
gastric juice secreted during life upon the dead walls 
of the alimentary canal. Curing life no action of 
this kind takes place, because the blood is rendered 
more alkaline in the vessels where the acid juice is 
secreted, and also brings with it the materials for 
nutritioix. The mere circumstiince of the stomach 
being part of the living body will not aJone account 
for its resisting the action of the juice in ordinary 
digestion, for Bernard showed in a remarkable ex- 
periment that gastric juice is capable of digesting 
living as well as dead tissue, for he inserted the leg 
of a living frog through a gastric fistula into the 
stomach of a dog, and found that it underwent 
ordinary digestion. It may perhaps be stated 
generally that as long as living blood circulates in 
the tissues at normal pressure, the gastric juice fa 
^Biucapable of acting on tbem, but when noic^i.'ai. 
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nutrition ceases, either ia consequence of the for- 
laatioit of embola, or of ligature of Tessels, iuid 
necrosis of tissue occurs, the gastric juice will exert 
its full EMJtion. upon it. EwaJd found tliat division of 
the cervical or uppep doraa! region of the spinal cord, 
an operation that materially reduces blood pressure, 
caused, in the course of thirty-aix hours, the formation 
of numerous circular clearly-defined lenticular ulcers 
without any trace of inflammatory processes. 

Chyme. — The product of gastric digestion is 
termed chyme, and on ordinary diet is a whitish or 
creamy acid fluid, which passes through the pylorus as 
it is formed, and enters the small intestine. It contains; 

1. The products of digestion up to the pylorus : 
peptone, dextrose, laavulose, peptonised gelatin. 

2. AH matters in a state of minute subdivision, 
hut which are only partially acted upon by the saliva 
and gastric juice, suoh as raw starch and gam, the 
dsDHer connective tissues, gelatin that is merely 
ilisBolved, some forms of albumin, and isolated and 
partiaUy-digested muscular fasciculi. 

3. Substances quite unchanged by saliva and gas- 
tric juice, such as cellulose, fats, and the fatty acids. 

4. The fluid solutions and salts not as yet absorbed 
in. the stomach, such as those of sugar, the vegetable 
acids, and the gastric juice itself 

The really insoluble and indigestible residue of 
the food remains for some time in the stomach, but is 
ultimately propelled thi-ougb the relaxed pylorus by 
the peristaltic action of the stomach. 

INTESTINAL DJQE3TI0S, 

As soon as the chyme enters the duodenum it is 
subjected to the action of three fluids, the bile, the 
)>ancreatic juice, and the secretion of the glands of 
the mucous membrane of the intestine. It has been 
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ascertained by means of experiments outside of the 
bcMiy tliat the admixture of the acid chyme with the al- 
kalme bile causes precipitation of the peptones, the 
biliary acids being set free by the superior aBinity of 
the gastric juice for the soda with which thej are 
combined ; but as soon as the alkaline pancreatic juice 
is added to the fluid, resolution of the peptones occurs, 
and the pancreatic ferments are enabled to opeiiita 
Some observers, however, deny that any precipitation 
of the peptones occurs within the body. 

Formation of ttae bilc> — l^he bile is formed 
continuously by the cells of the lifer, and is in part 
conducted to the intestine by the ductus communis 
choledochua, and in jiart aecumulatps iu the gall 
bladder, from which it ia discharged in considerable 
quantity soon after food is taken. 

Characters of the bile. — The bile, whether ex- 
tracted immediately after death from man, or obtained 
by means of a biliary fistula in animals, ia a yellow, 
browu, or gi'eenish fluid, presenting dichroism and 
some degree of fluorescence, with sp, gr. 1020jOf ropy 
consistence and bitter taste. Its reaction is alkaline. 
It contains, as its principal ingredients the taui'o- 
cholate and glyoocholate of soda, which are present in 
the proportion of from 2 to 10 per cent. Besides 
these peculiar biliary salts the bile contains 5 percent, 
of ordinary salts, mucus, cholesterin, and lecithin, 
collectively. Water varies from 91 to 85 }>er cent. 
Finally there is a minute quantity of sugar, and some- 
times of a diastatic ferment. The colour is due to 
the two colouring matters known sr bilirubin and 
biliverdin. The colouring matter of the bile is probably 
aderivationof the colouring matter of the blood, hsemo- 
chromogeo, and is itself in process of being decomposed 
into the colouring matter of the urine or urobilin. Bile 
gives a grt'en colour when a few drops of watery 
Ksolution of iodine ate added to it. 



I 



Human Physiology. [Ch=p. vii. 



I 



Gmelin's (es(.— Bile is rendered vivid green with 
nitroBo-nitric acid, e. play of colours, from green to 
violet, red, and yellow, being observed, due to 
the oxydation of the bilirubin. 

Peitenkoffer's feai.— This consists in adding a few 
grainsof sugar to bile or to a solution of the biliary salts, 
and allowing a drop of sulphuric acid to fall upon it : a 
beautiful crimson colourgraduallymakes its appearance. 

Qaantitj' of tbe bile. — Dalton found, from 
examination of the fluids obtained from a duodenal 
fistula, that the largest quantity of bile in a given time 
■was discharged into the intestine immediately after 
food has been taken. The average quantity secreted 
per diem may be estimated at from 1 to 3 grammes 
(16 to 30 grains) per hour for every kilogramme 
of body weight, or about 1,500 grammes per diem 
(about 3 lbs. 3 oz.) for a man of average weight. In 
the dog the quantity is larger, amounting to about 20 
grammes of bile containing 1 gramme of solids for each 
kilogramme of body weight per diem. It is increased 
with abundant animal food, and is diminished on fat 
and starch diet. The quantity of bile is greatly 
increased by certain drugs, and especially by podo- 
phyllin, corrosive sublimate, and sodium salicylate. 
The evidence that the bile is really formed in the 
liver rests on the facts (1) that ligature of the vena 
portte at once arrests the flow of bile, though neither 
tlie blood of the vena portie nor of the hepatic artery 
contains any of the biliary salts or colouring matters ; 
(2) that after ablation of the liver the biliary salts do 
not accumulate in the blood, though they immediately 
begin to do so aft«r ligature of the common bile duct. 

Uses of the bile. — The uniformity with which 
the bile is discharged into the alimentary canal just 
below the stomach throughout the whole of the 
mauiiaalia seems to indipate that it fulfils some im- 
portant purposes in digestion, yet it has but little 



■'Chap. VII.] Uses of the Bile. 

cliemicai action on either proteids or on starch paste 
raw or boiled, or on fats, though it aids in their 
emiilsifi cation or mechanical division. It contains a 
diaatatio ferment, converting starch into sugar, but 
the action ia feeble. If a biliary dstula be established 
and the bile allowed to How from the body without 
entering the intestine, it is found that on ordinary 
diet serious disturbance of the functions of digestion 
and absorption ensue, tlie animal becomes thin, its 
hair falls oS^ and it dies apparently from debility. 
Life can, however, be preserved for years if tbe food 
supplied ia ia large quantity. It ia not, therefore, 
absolutely necessary. The chief uses that have been 
demonstrated are; — 1. That bile moistens animal mem- 
branes and permits oil or emulsions of oil ia pass 
through them with facility ; this property is not due to 
the alkalinity of the bile, for it is possessed by the 
pure biliary salts. The importance of this property 
in the process of absorption is great. 2. Bile, more- 
over, acts as a stimulant alike to the neuro-muBcular 
and glandular apiiaratus of the walls of the intes- 
tines, increasing the peristaltic action and the secre- 
tion of intestinal fluids. Lastly, bile is an antiseptic. 
Hence, when bile is formed in insufficient quantity 
hunger is experienced, tlie bowels are costive, mucli gas 
is developed, and the fitces are pale and ill-smelling. 
In passing along the alimentary canal the biliary 
salts are decomposed, and the free taurin and glycine 
probably undergo reabsorption, for little or none 
of tauro- and glyco-cholatiis are discharged with 
the faeces, though in the dog the fieces contain 
Gome cholalic acid, which may undergo further de- 
composition into dyslysin ; and it is, perhaps, to the 
loss of sulphur by the ceconoiiiy that the ill eflectfl of 
biliary fistulie are partly due, the hair in particular 
being deprived of one of its most importaJit consti- 
tuents. The bilirubin is decomposed into biliprasin. 
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^^1 which no longer gives Gmelin's reaction, and urobilin, 
^^B which is the colouring matter of urina the cholea- 
^^1 terin is discharged by the faeces, but the lecitiiia ia 
^^B either decomposed or absorbed, for none of it appears 
^^P in them. 

^f The pancreatic Juice. — The pancreatic juice is 

secreted intermittingly, and enters the alimentary canal 
by the same oriUce as tho bile. It is a thick tnuis- 
pkrent flnid, secreted sparingly, the quantity obtained 
from, a fistula in a large dog during one act of digestion 
being only about one gramme or one gramme and a half. 
It is colourless and tasteless, and has a strong alka- 
line reaction. It contains so much albumin that on 
boiling it coagulates, and its albumin is precipitated 
by all the mineral acids. The composition of the 
pancreatic juice is ; Water, 90 per cent. ; organic sub- 
stances (albumin and ferments), 9 ; and mineral con- 
stituents, of which sodium chloride forms by far the 
greatest part, 1 part. The gland is moat active two 
hours after food, then secretes more slowly, and again 
becomes more active about 5 to 7 hours after the meal. 
Uses of the pRncrealic juice. — Though 
secreted in such small quantity, the pancreatic juice 
ia one of the most important of the digestive fiuids, 
for it contains three hydrolytio ferments ; a peptone- 
forming ferment, trypnn; a fat-splitting ferment, 
Papain; and a diastatic ferment, amyloptin. 

1. JeftoM on ntowOTitMS.— Trypsin converts proteids 
first into globulin, and then into true peptones. ITiifl 
action of the trypsin of the paGci'patic juice on proteids 
only taies place in an altaline fluid, and is of a corro- 
aive nature. Cubes of coagulated albumin subjected 
to its action do not swell up, as in gastric juice, but 
ore slowly eaten away. If the action of the trypsin 
be continued on the peptones, about one half becomes 
antipeptont, vihicAi is not capable of undergoing any 
further digestive changes, whilst the remainder is 
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converted into the amido-acids, leucin and tyrosin, and 
when the peptones are derived from fibrin and gluten, 
asparaginic acid appears. Still more protract^ action 
leads to the formation of the ftetid Buhatancea named 
indol and phenol. Put into a tahular form, the action 
of trypsin may be thus represented : 

AlbuiQm -(- trypain -|- aodii solution 
fit thu body temperattire^ firal ^lubiili 
and then — 



Hemipepton 

i Leucin 
AaparBiriilic Acid . 
Gl^ll . . . 



Indol. 
Phenol. 
Fatty acid. 

Solpburetted 
hydrogen. 
Hydrogen. 
Carlionio acid. 



The trypsin aeema to be formed at the i 
of a mother substance, named by Heidenhain xyiiwgen 
substance, the development of which has been care- 
fully studied. The acini of the glands are lined by 
cells, and in each cell, just before digestion, three 
regions or zones are recognisable, a basal or peri- 
pherio zone near the attached extremity, which is 
homogeneous, free from granules, and which stains 
with carmine; a median zone, occupied chiefly by the 
nucleus ; and an internal zone at the free extremity, 
which is granular and does not stain with carmine. 
Soon after digestion commences, when secretion is 
moat active, the internal zone, at first large, becomes 
smaller and more granular, whilst the peripheric zone 
augments, and idtimately almost fills the cell, the 
median zone, with the nucleus, remaining unaltered. 
As the secretion becomes less active, the internal granu- 
lar zone reforms at the expense of the peripheric zone. 
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Tbus, during secretion, the material vliicli has been 
graduEklly forming in each cell, and which has accumu- 
lated near its free extremityj is discharged, whilst new 
matter is taken up from the blood by the protoplasm 
flt the base o£ the cell, to be elaborated in the interval 
If the pancreas taken from the living 
animal he acted on by glycerin, tbe glycerin estract 
doea not act on proteids, and only contains traces of 
trypsin, but it does contain the zymogen substance, 
wliich is believed to be a combination of trypsin with 
a pi-oteid, and the trypsin is set free by the mere 
pi-esence of water at a moderately high temperature, of 
weak acids, or of oxygen, whilst ita separation is re- 
tarded by sodium chloride, and by the alkaline carho- 
If, instead of the pancreas, the pancreatic 
s extracted with glycerin, no zymogen substance 
is obtained, but the trypsin itself. Hence at the 
moment of secretion zymogen ferment is converted into 
trypsin. The largest quantity of zynjogen is found 
fourteen hours after food. 

2. Aelion t)«/a(«.^Panareatic juice exerts a double 
action on fats ; it first converts them into an emul- 
sion, and then decomposes them with the absorption of 
waterinto glycerin and the fatty acids. Two graranies 
of pancreatic juice are required to emulsionise one 
gramme of fat. After complete decomposition by the 
[Lgency of the steapsin, the fatty acids form soaps with 
the alkali of the juice and of the intestinal iluid. 

3. Action on starch. — The action of the pancreatia 
juice OIL starch resembles that of saliva, though it 
is much more energetic, the amylopsin it contains 
acting, not only on boiled but on raw atarcli, convert- 
ing each into dextrin and grope sugar. 

lnn«rralion of Ibe paitcreas, — There ap- 
pears to be a centre controlling the secretion in the 
medulla oblongata ; the nerves proceed from the 
eplenic, hepatic, and superior niesenteiic plexuses, but 
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circle is not accvirately knawn. Induc- 
tion currents applied to the gland induce Kecretion. 
The secretion of the gland is arrested by atropine. 
It is discharged under a pressure of about 17 mm. 
Hg. 

Movements of the small intestine, — The 
arrangeinent of the longitudinal and circuJar layers of 
muscular fibre in the oralis of the tnt«stiDe enable it to 
execute peristaltic movements, the efieet of which is 
to propel its fluid or pulpy contents from above down- 
wards with more or leas rapidity. These waves of 
oontractiou are excited by the presence of food, which 
stimulates the sympathetic fibres, and then acta 
through reflex centres situated in the sympathetic 
ganglia and in the spinal cord, but the precise nervous 
circle has not been accurately ascertained. A power- 
ful inJiibilory influence oa the intestinal movementa ia 
exerted through tbe gplanahnic nerves. Stimulation of 
these nerves causes vascular contraction and anasraia 
with inhibition of the movements, whilst section of 
the nerve causes congestion of the intestinal vessels and 
increased peristaltic action. Under certain circum- 
stances, as when there ia much food in the intestine, 
stimulation of the vagus excites peristaltic action. 

Function of tiie g'lands of llie small intes- 
tine in digestion. — The walls of the small intestine 
contain two seta of glands : tbe glands of Erilnner, 
chiefly or exclusively found in the duodenum, and the 
glands of Lieberkuhn, whichareclosely ajrangedin the 
mucous membrane in its whole extent. The secretion 
of the tubular and convoluted fflanda of Brvm,ner 
appears to resemble that of the pancreas in contain- 
ing a diastatic ferment capable of converting starch into 
sugar; and a glycerin extract of the upiffir part of the 
duodenum, where these glands are most abundant, 
yields a ferment which dissolves fibrin easily. The 
secretion of Lieherkiihn'a foUicles can best be obtained 
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by a Thiry's fistula, which is thus made : an excis' 
piece of intestine, still coimect«d with mesentery, 
ligatured at one end, while the other ia united with the 
abdominal wound. The continuity of the intestine 
repaired by carefully sewing the ends together, 1 
alkaline opalescent fluid is obtained, which, according 
ome authors, acts, like the pancreatio juice, npon 
all the conatituents of the food, proteids, fats, and 
irbohydratea. The use of the vatvitlce coTwiioenfe* is 
not only to present a larger surface for absorption, but 
to delay the progress of the food, and thus enable the 
digeative process to he conducted more slowly and 
perfectly. 

Cliang:e§ of (he ch}'ine in the small intes- 
tlnei — The chyme (described at page 1 18) becomes 
alkaline or neutral in the jejimuni, owing to admixture 
■with the biliary, jtancreatic, and intestinal secretionsi 
but iu the ileum it again becomes acid from the for- 
mation of acids consequent on the putrefaction of pro- ' 
teids und upon fermentation processes. Thus : — 

Pepsin and trypsin actiug on albumin + n(HjO) ' 
yield peptone, leucin, tyrosin, xanthin, aspara- 
ginic iicid. 

Ste&psin acting on fats converts i 

tristeai'in into glycerin and stearic acid; 

C„Hn„0, -1- 3(H,0) = c;HA + 3(C«H,0,); 

1-actio ferment acting on milk sugar converta J 

C„H„0„ + H,0 = I 

it into grape sugar, and this into lactic acid ; I 

(CaHiA) = 4(0sUaO,)j I 

Butyric ferment acting on lactic acid yields 1 

a(C,H.O.) +3(H,0) = I 

butyric acid -t- carbonic acid and hydrogen; I 

C.H.O, -I- 2(C0,H,) + H„ I 
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Inkiiown ferments convert 

taurocholic acid into taiirin and 

C„H„NSO, + H,0 = C,H,NS03 + 

cholic acid ; celluloae into 

0«H„Ob n(C8Hi„0,) + n(H,0) = 

carbonic acid aiid marsh gas - 
3n(C0,) + 3n(0H,) ; 
albumin + n(HjO) into globulin, peptone, 
and leucin, tyroain, santhin, indol, phenol, 
akatol, fatty and carbonic acids, ammonia, 
sulphuretted hydrogen ; glycerin CaH5(0H)a 
into EC + COj + succinic acid + fatty acids ; 
malic, taiiaric acids into butyric and acetic acids 
with evolutions of CO,. 
btnongst the final products of the putrefactive decom- 
'.tion of non-azotised substances after the osygeu in 
intestines is consumed are OHj, or marsh gas, and 
The conteuts of tlie small intestine begin to 
J the apjMarance and consistence, and to give the 
of, fieces, in the lower part of the ileum. 
Digestion In the large inlesiine. — ^The 
contents of the large intestine are usually acid in the 
Hpper part fi'om lactic acid and other fermentations, 
and by far the larger portion of the nutritive materials 
of the food have been absorbed in the lower part; they 
gain in consistence, and are more or less periodically dis- 
charged as fieces, '^^fiECea consist (1) of elastic tisBtie, 
woody fibre, the husks of grain, and fragments of most 
ifitf the constituents which have been hurried on before 
ng thoroughly inooiporated with and digested hy 
■the gastric and other fluids. (2) Of the products of 
disintegmtion of the biliaiy colouring matters. (3) 
Of unaltered mucin and nuclein. (4) Of combina- 
tions of fatty acids with lime, especially aflsir milk 
diet. (5) Of salts, especially those which difiuse with 
idifficiilty, as the ftramoniaco-magneaian phosphate and 
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I phosphate of lime. The quantity of the fffices dis- 
charged per diem ia on the average 170 gramraea 
(about 3,000 graine). It is greater on vegetable than 
on animal diet They contain 75 per cent, of water. 
The fcetid odour ia due to indol and akatoL 

OnsesoftbealimcntaiTCaDali — -These partly 
■nsist, in the stomach, of nitrogen of air that has been 
I swallowed with the fuod,. and partly of carbonic acid 
I jgas eTolved during processes of fermentation. The 
T osygen of the air that is swallowed is soon absorbed, 
t In the lower part of the alimentary canal niti-ogea 
r again forms tlie principal constituent of the gases 
found in this region, but there are also considerable 
I quantities of hydrogen and carbonic acid gas. In 
I aome cases marsh gas has been found in the proportion 
I of 50 per cent, or more of the total quantity of gas. 

Deffficatlon.^The lower outlet of the alimen- 
tary canal is guarded by a sphincter, which preserves 
a state of persistent contraction, sometimes named its 
lofie, which is evidently due to the ooiistant influence 
of the B]iinal cord ; since, if this be destroyed, relaiatinn 
of the muscular tissue occurs, and tjie contents of the 
bowel are discharged. The sphincter ia partly formed 
of striated muscular tissue, and is to some extent 
under the influence of the will, but is chiefly composed 
of unstriated muscle, which is altogether withdrawn 
from voluntary controL The nervous mechanism is 
ooraplic-ated. The stimulus is the presence of fieces 
acting on sensory fibres distributed to the mucous 
membranes and muscular coat of the rectum, which 
conduct impulses to the nnonpinnl centre, situated 
in the lumbar region of the cord; from this, moior 

I fibres conducting motor impulses proceed to tho 
tmstri&ted muscies of the intestine, and increased 
peristolBis results. But this is not all. The expulsion 
flf the contents of the rectum must be pi-eceded by the 
relaication or inhibition of the sphincter, and there 
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must therefore be an inhibitory centra The exact 
position of this is unknowu, but it is clenrly, to iwme 
extent, under the influence of the will. Under 
ordinary circumstoncea the abdominal muscles act but 
slightly, and then by an exertion of the will ; but if 
the Etimulus be violent, etroug motor impulses may 
radiate to the abdominal muscles, which then act 
spasmodically and involuntarily, just as in parturition. 
In diarrhuea, with involuntary discharge of fieoes, the 
voluntary control over the external sphincter is lost, 
and the stimulus excites the anospinal centre too 
powerfully for the internal sphincter to resist, whilst 
the abdominal muscles often contract wiih great 
violence. The discharge of the ffeces usually takes place 
once or twice in 24 hours. Irregularity in the per- 
formance of this function leads to many troubles. 

Absorptiau of the food. — The object of the 
digestive process is to render the substances taken as 
aliment soluble, and the conditions that exist in the 
alimentary canal are well calculated to favour the 
dift'usion of these suhstancea into the blood and 
lymph. In the intestine is a slowly-moving fluid 
(iiarged with diffusible or crystalloid matei'iala, sugars 
and peptones, whilst in the walla of the intestine are 
two systems of vessels, the blood-vessels and the 
lymjihaticB, both of which contain albumin and 
colloidal substances moving with considerable rapidity. 
A current is accordingly established from the intestine 
towards the blood-vessels, which, it ia known, take up 
and carry off, both from the stomach and the intestinal 
canal, a large proportion of the producta of digestion. 
The absorption of the fata, however minutely we may 
conceive them to be divided, ia more dithcult to 
explain. Recent iavestigations seem to show that it 
is due to amtebuid cells which lie at the bases or 
attached extremities of the columnar epithelial cells 
of tlie villi and intestinal mucous membrane, and 



Bead up long proceaaea between the cells to the 
surface, where they aeize upon and ingest the passing 
particlea of fat, and conduct them to the c 
ment of the lymphatics, here called lacteals. 



CHAPTER VIII. 

CHYLE AND LYMPH. 

The chyle and lymph. — These fluids may be 
conaidered together, since they are contained in the 
same system of tubes, and only differ from each 
other at certain iieritidB. Duiing fasting tiiey are 
alike, hut when di,'estioii is in progress the lympha- 
tics distribnted to the intestines and abdominal viscera 
become charged with the products of digestion, and 
their contents are materially modified both in aspect 
and in chemical composition. 

Properties of llie lymph. —Lymph is clear 
and transparent^ contains albumin, and, after passing 
through a gland, or perhaiis even before, lymph cor- 
puscles. It is capable of feebly coiigulating, and of 
setting into plasma and clot. 

Derivation of lympb. — Lymph plasma is be- 
lieved to be the superfluous fluid part of the blood 
which Las escaped froui the blood-vessels, and which 
has irrigated the tissues and ministered to their 
putrition. The salts it contains correspond nearly 
with those of the blood plasma. It is, however, a 

I more watery fluid, the albumin being reduced to 
aljOUt one-half and the fibrin generators to two- 
thirds of the quantity in which they exist in the 
blood. It ia ]>roboble that it contains some of th« 
products of the waste of the tissues. 
- -■- 
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The fyniph corpuscles.— The corpuscles, or 
morphological elemeats of the lymph, resemble the 
white corpuscles of the hlood, and they are derived 
(1) from the corpuscles which are so ahundaat in the 
tissue of the lymphatic glands ; (2) from the adenoid 
tissue of other parts of the body, aa the mucoua aad 
Bubmucous tissue of the intestinal tract, the spleen, 
and the marrow of bones ; (3) some may also be true 
whit« corpuscles of the blood which have wandered 
into the lymphatic system, especially when that 
system invests the blood-vessels as with a sheath ; 
(4) and lastly, by fission or division of previously- 
formed lymph corpuscles. 

PropertJes of cbyle. — The fluid absorbed by 
the lymphatics of the intestine during digestion is 
termed the " chyle," or " lacteal fluid," because it 
presents, especially when much fat has been contained 
in the food, a milky aspect. It is an alkaline fluid, 
with a sp. gr. of 1013 — 10^2. It contains sugar, and 
albumin in the form of peptone and salts in solution, 
and fat molecules in suspension or in the state of 
emulsion. In addition, even in the vilU, there are a 
few lymphoid cells, and these increase in number 
after the chyle has passed through one or more of the 
lymphatic glands of the mesentery. In these glands 
a process of elalwration or assimilation takes place, as 
a result of which the proteids absorbed are converted 
into fibrin generators. Hence tiie chyle taken from 
one of the more centrally situated lacteals, or from 
the thoracic duct itself, where it is mingled with the 
lymph coming from other parts of the body, is capable 
on standing of coagulation, separating into a soft and 
easily-broken clot and a plasma. In the upper part of 
the thoracic duct, corpuscles, presenting the character 
of red blood-corpuscles, are found, which, however, 
have probably escaped from the vascular system and 
entered the lymphatic system of the spleen, or otWit 
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^^1 abdominal organ, under the greatly increased venous 

^^r pressure attendant upon digestion. 

Quantity or tlie cbyle.^The chyle ent«rs the 
circulation through the thoracic duct intermittently. 
The quantity is lai^e with ordinary diet, an hour or 
two after digestion has commenced, and sooner if 

IBUuh an emulsion as mil It be taken ; and it is esti- 
mated that the coiiatant and more equable supply of 
lymph from the body generally, and the variable 
supply of chyle from the digestive organs, each oon- 
Btitute about one-half of the fluid traversing the 
thoracic duct. The absolute quantity ia very large. 
In one L-aae, six kilos or about 13 lbs. of lymph 
■were obtained in twenty-four hours from a listula 
in the thigh which opened into a large lymphatic. 
movement of tlie chyle and lymph— The 
onward current of the chyle ia maintained ; 

(1) By the contraction of the layer of unstriated 
muscular tissue in the villi, which, aided by the valvea 
iu the larger lacteals, act like so many little force- 

■ pumps, driving the fluid absorbed into the central 
lact^l onwards to the subjacent tubes. 
{2) The current thus established will be increased 
in tliose lymphatics which form sheaths around blood- 
vessels by any dilatation of these bloud-vessela, the 
backward current being prevented by valves, whilst 
( there will be under these circumstanceg an increaaed 
quantity of interstitial fluid. 

») (3) In a similar manner, increased blood -pressure 
in all parts of the body will, by causing increased 
filtration through the blood- vascular walls, lead to 
more rapid flow of lymph. 

{4) The act of inspiration is a via a frotUe, which 

draws the lymph contained in vessels outside ths 

cliest into the vessels within the chest, the opposita 

^^ elfeot of expiration being neutralised by the valves. 

^^ (5) A powerful agent is the rapid current o£ 
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vonotia blood over the mouth of the opening of thu 
thoracic duct into the angle of junction of the jugular 
and subclavian veins. 

(6) The last ciiuse to be mentioned which accele- 
rates the onward current of lymph is the contraction 
of the IjmphaticH theniaelvea, aided again by the 
Talves. These contractions are not much accentuated 
in man and the higher animals ; but in the amphibia, 
and some fishes, the muscular tissue by which it is 
effected is collected into definite regions, forming 
true lymphatic-hearts, which contract rhythmically 
and propel the lymph with considerable vigour. The 
rate of movement in the chief cervical duct of the 
liorae is estimated at about one foot per minute. The 
lateral pressure in the thoracic duct of the horse in 
about 1-2 mm. Hg. 

The nervous system acta on the lymph current 
through its distribution to the smooth muscular fibres 
of the lymphatics. 
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GLYCOGENIC FPSCTIOtf OP THB LIVER. 

Clfcogcn. — This substance, named also hepa- 
tine, and hernardine, and zo-amyline, is widely distri- 
buted. It is found in all developing animal cells and 
nerves, in embryonal tissues, and in the villi of the 
chorion ; in colourless blood-corpuscles, in the muscles, 
and especially, where it was first recognised by Bernard, 
in the cells of the liver, where it exists in an amor- 
phous condition. Bernard believed that this sub- 
stance, derived from the food and elaborated in the 
l iver, was converted in that organ into sugar by the 
^Bld of a ferment. The sii<far thus formed, he thou'rht. 
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immediately entered the circulation and Tmderwent 
oxydation. Pavy has, however, shown that no sugar ia 
contained in the blood returning in the hepatic ve' 
from the liver to the heart during life, and that it 
only makes its appearance in this blood after (though, 
it must be admitted, very quickly after) death. 

mode of obtaining' glycogen. — Bernard's 
method was as follows :— Cut up a portion of liver 
recently removed from an animal into small fragments, 
and throw them into boiling water ; pound in 
mortar, and boil for a quarter of an hour in a little . 
water ; pass the fluid through a linen cloth, adding to 
it a little animal charcoal To the opaline fluid thus 
obtained, add four or five times its volume of alcohol 
at about 40° C. (100° F.), when glycogen is precipi- 
tated. This must be well washed wiUi alcohoL It 
may be further purified by boiling with caustic potash, 
precipitating with alcohol, and removing any adherent 
potash with acetic acid. 

Briicke's metJiod is to throw the liver into boiling 
■water ; then, when hardened, to pound it in a mortar, 
and boil the mass for half an hour in water. The 
milky liquid is decanted, and fresh water added as 
long as it acquires an opaline tint. These liquids ai 
put together, refrigerated and filtered, and then thet 
are added alternately hydrochloric acid and mercuro- 
potAssic iodide as long as a precipitate, consisting of 
albuminous compounds, falls, and the fluid is filtered. 
The filtered liquid is treated with alcohol, which 
precipitates the glycogen. This may then be collected 
and purified as usual. 

Chemical composition and properties of 
glf cogcui — The composition of glycogen is expressed 
by the formula CgHioUu QJid it is therefore isomerio 
with starch and dextrin. It is a white powder 
without smell or ta£t«, insoluble in alcohol and ether, 
but dissolving in boiling water, and forming an 
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opalescent flMid, wbich rotates the plane of polarised 
light strongly to the right. On the addition of an 
alkali tlieojjaiescence disappears; ■with iodurettedpotaa- 
sium iodide it gives, not a blue colour like starch, but 
a red colour, which disappears with heat, and reappears 
on cooling. It does -not reduce the oxide of copper 
in as alkaline solution of copper sulphate, which 
distinguishes it from glycose. It is precipitated by 
lead acetate, which distinguishes it from dextrine ; 
■when boiled with acids it is converted into achroo-dex- 
trin and ptyalose, and it undergoes a similar change 
with the animal ferments, ptyalin and amylopsin. 

Qnnntity of Elrcogen contained in the 
liver. — In health the liver always contains glycogen, 
the quantity varying from about 1^- to 2^ per cent, 
of the weight of the liver in man. The proportion 
differs in other animals. In the case of the fowl it 
has been known to rise to 12 per cent It seems 
to be chiefly stored up around the nucleus in the cells 
in relation with tiie hepatic vein. 

Inflnence of food on glycog'en. — T])e first 
and most important factor is the food. If a dog be 
supplied, in addition to its proper food of proteids and 
fat, with a considerable quantity of starch, t/iigwr of 
almost any kind, such as cane, grape, milk, fruit 
sugar, or glycerin, a large accumulation of glycogen 
takes place. Mannit« and inosite, liowover, and gum, 
do not increase it. The addition of fats and soaps to 
the ordinary food causes no increase. The effect of 
the supply of proteids, even if starch and its congeners 
be withdrawn from the food, is to maintain a mode- 
rate formation of glycogen in the liver. Gelatin 
does not conduce to the production of glycogen. 

Prolonged fasting leads to its total disappearance. 

Influence of the nervons systeni on gly- 
cogcny. — It has been found by experiment that 
of the floor of the fourth ventricle near its 
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lower part produces diatietea or saccharine urine. 
But this part of the medulla oblongata is the centre 
of the hepatic vaso-motor nezT-ea, and lesion of these 
nerves in any part of their course from tbe medulla 
oblongata to the liver, whether in the spinal cord or 
in the sympathetic cord, also leads to diabetes. The 
explanation that is offered is, that such lesions aa 
.hose just referred to seriously interfere with the 
circulation through the liver, tha vessels dilate, the 
current ot blood moves at a slower rate, and the livet 
becomes charged with sugar because tlie blood ferment 
7 time to act on the glycogen and effect its 
ion into that substance. But the sugar 
diffuses easily into the blood, and is immediat«ly 
filtered off by the kidneys, rendering the urine 
aeoreted saccharin a Section of the splanohnics 
prevents the occurrence of diabetes after puncture 
of the floor of the fourth ventricle, and even if 
diabel ■« has been induced by this means it arrests its 
production. The reason of this is that section of 
the splanchnics cauaes such an immense accumulation 
of the blood in t!ie portal vessels and abdominal 
iscera, that tjie liver is rendered anreinic, and hence 
o sugar is formed in it, 

Inflnence of druRs on gly^cotteny. — A variety 
of drugs, which are capable of paralysing the vaso- 
motor nerves of the liver, act like puncture of the 
floor of the fourth ventricle, and by retarding the 
ctirrent of blood through its vessels lead to an 
accumulation of sugar in its cells, and secondarily to 
diabetes. Such are curare, when artificial respiration 
is not maintained; chloroform, ether, chloral, and 
amylnitrite. 

Tlie firmeiU to which reference has been made ia 
considered to be present in the blood. 

nolbcrsubslanveof fflycogcn. — There seems 
to be strong reasons for believing that glycogen may 
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be derived directly from the carbohydratpa of the food 
to which it is, in its chemical composition, so closely 
allied ; it may, however, also be derived from taurin 
and glycin ; the latter aubetauces splitting into 
glycogen and nrea. Its increase on abundant flesh 
diet renders it probable that the albumins can be 
broken up into a non-nitrogenous portion — glycogen 
and a nitrogenous portioTi. 

Detstinntion or g'lj'cog'en. — Favy and others 
believe that during life no conversion of glycogen into 
sugar takes place, or at least that there is no evidence 
of such conversion, but most experimenters are of 
opinion that sugar is being constantly formed from 
glycogen in sm^l quantities, and is taken up by the 
hepatic venous blood, which is known to be richer in 
fingar than ordinary blood, and that it is applied 
either to the production of heat, or to the development 
of mnacular force by oxydation. 

FuucUons ofllie spleen. — Thcfunctionsofthe 
spleen are obscure. It is believed to be a place where 
red blood-corpuselea are broken down, and also one 
where white corpuscles are formed. It is evidently an 
important organ, for it receives a large supply of 
blood; it undei^oea great changes in volume; it 
executes slow rhythmical movements of contraction 
and expansion. The relations between the small 
arteries and veins are jjeculiar, the intermediate 
channels being of the nature of lacunar spaces rather 
than of capillary vessels. On the other hand, the 
Rpleen may be extirpated, both in animals and in man, 
without serious result, the chief efiect which has 
been observed being hypertrophy of the lymphatic 
glands and red marrow of bones; and it is reasonable 
therefore to conclude that the hypertrophied tissues 
discharge a vicarious function, and this is probably 
the production of lymphoid and white corpuscles. 
Little information in regard to its functions can be 
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obtained from examination of tlie blood going to and 
returning fi-om it, but siicb as it is, it Bcema to 
show that whit* coqjusclea have been added to it In 
diaeases, again, in which the spleen is nnuch enlarged, 
as in ague, the blood is found to contain an excess 

white corpuscles, a condition that is named 
leucfemia The splenic arterial blood in one case 
contained one whito to 2,200 red corpuscles, whilst 
in. the blood of the splenic vein the proportion was 
one to sixty. Chemiciil examination of the splenic 
pulp affords support to the view that red corpuscles 
are broken down in the spleen, for it contains many 
<£ the products of their regressive metamorphosis 
as pigment, leucin, xanthin, hypoxaXLthio, and albu- 
minous compounds rieh in iron; inosite; cliolesterin ; 
and lactic, acetic, formic, butyric, tiric, and succinic 
acids. Moreover, under the microscope large masses 
of protoplasm are found containing red corpuscles, 
more or less discoloured, to the number of ten or more. 

The rhythmical contractions of the spleen, as 
shown in tracings taken with plothysmograph, occur 
in the cat and dog at intervals of about one minute. 

Fanclions of the thymas and thyroid 
bodies. — These organs, sometimes included with 
the suprarenal bodies under the general title of tlja 
ductlegs glands, seem to be remains of organs which 
may once have been of importance in the ceconomy, but 
which, in the process of evolution, have come only to 
play a subsidiary part This view is suggeatad by the 
temporaiy activity of the thymus, which attains its 
largest size about the end of the second year of life, 
and then gradually atrophies. It is thought that both 
the thymus and thyroid bodies may minister to the 
formation of the white corpuscles of the blood. The 
chemical composition of their expressed juice resemblea 
that of the spleen. The 8U]irarenal capsules receive a 
remarkable nei'vous supply, but their use is unknown. 
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CnAPTER X. 
TUR FUSCTIONB or THE SKDJ. 

The skin, by its elasticity, its density, and 
toughness, protects the suhjacent parts from injury; 
the descjuanitttioa or scaling of the surface, which ia 
constantly taking place, preserves to a certain extent 
its cleanliness, and enables the body to throw off 
adherent paiticles of a harmful nature, such as the 
spores of fungi, thorns, and the lite, which may have 
accidentally implanted themselves in or on its surface. 
Secondly, the rich supply of nerves in its tissue 
renders it a highly efficient sensory organ, the im- 
pressions it receives being tenned, from their wide 
distribution, those of common sensation, whilst the 
long outrunners that it possesses in the form of hairs, 
and the exquisite sensibility of their bulbs, convey to 
the mind important information of the approach of a 
foreign body. Thirdly, the immense capillary network 
of blood-vessels that ramifies in its substance renders 
it an important agent in the regulation of the heat of 
the body ; for when the capillaries are contracted the 
bad conducting power of the dermis and epidermis 
for heat preserves the internal temperature at a high 
standard, whilst, when the capillaries are dilated, the 
blood they contain is drawn from the deeper-seated 
and warmer parts of the body, and loses much heat 
by conduction, radiation and evaporation. Fourthly, 
the skin is an efficient organ of secretion, giving off 
water charged with various soluble substances, and 
oily material. Lastly, it absorbs O and eliminates 
CO,, and plays therefore a subsidiary part in tlie 
B {unction of respiration. 
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^^1 The cnlaneoas respiration. — In man am' 

^^B the higher animals the part played by the skin in 

^^H respiration is quite subsidiaiy to that of the lungs, * 

^^^ but in the frog it is so important thnt life can be 

^^1 Reserved even after the lungs have been removed. 

^^B The quantity of oatygen absorbed by the skin as com- 

^^B pared with that by the lungs is as 1 : 127. The 

^^K quantity of carbonic acid that is elimioated by tho 

^^P ^in is estimated at about 10 grammes in 34 honrs, 

^H^ ^s results obtained by different observers varying, 

however, from 2'23 grammes to 32 grammes. The 

quantity increases with temperature and with 

muscular exertion. The quantity of loatery vapmir 

eliminated by insensible perspiration varies also with 

the temperature and moisture of the air, the amount 

of clothing and of esercise, and generally with all 

conditions that modify the flow of blood through the 

capillaries. It is difficult or impossible to separate and 

estimate it from sweat, but it is interesting to notice 

tliat it bears a certain inverse relation to the 

elimination of water from the system by the kidneys. 

"When the temperature of the air is low, and when it 

is nearly saturated with watery vapour, the capillaries 

of the skin are contracted, little fluid is lost by 

cutaneous evaporation, and the kidneys secrete freely ; 

while, on the other hand, if the air be warm and dry, 

the cutaneous capillaries are charged with blood, the 

kidneys secrete but a small quantity of water, and 

the insensible perspiration is greatly augmented. 

The cuteneons secrelionH. — Regarded as an 
organ of secretion the skin presents a surface of 
Kbout 15,000 square centimeters, or one and a half 
square meters, and secretes a fluid named sweat, 
and a peculiar sebaceous or oily material. Sweat 
IB a colourless, slightly cloudy fluid, with a salt 
tafite and charaeteriatic odour ; its specific gravity is 
1004; its reaction ia primarily alkaline, but from 
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its Admixture with eebaceous matter which contains 
fatty acids, it, as ordinarily exatuined, gives an acid 
reaction. Its alkalinity can be shown iii such regions 
as that uf the pu^lm of the hand, where tLere are no 
sebaceous glands. The quantity secreted per diem ia 
about 1,000 grammes, or about 2 lbs. ; but great 
variations result from differences of both internal 
and external conditions. Large quantities of fluid 
ingested, violent muscular exertion, high external 
temperature with dryness of the air, all tend to 
increase the amount of secretion, and if acting 
tf^ther may cause the ehminiition of many pounds of 
fluid per diem. Chemical analysis of the sweat shows 
that it contains about 1 per cent, of solids, of which 
urea, a proteid resembling casein, the neutral fats, 
palmitin and stearin, cholesterin, and the volatile fatty 
acids, are the most important oiganic constituents ; 
whUat the inorganic include sodium and potassium 
chlorides, sulphates and phosphates. 

Inducnce oftlie nerves on the secretion of 
sweat. — The nerves seem here, as in so many other 
cases, to influence the secretion in two ways ; first, by 
influencing the size of the blood-vessels, and the 
activity of the circulation through the glands ; and 
secondly, by k direct action on the gland-cells them- 
selves. Paralysis of the constricting vaso-motor 
nerves, and stimulation of the dilating vaso-motor 
nerves, causes the blood to flow with increased rapidity 
through the blood-ves.sel3 of the glands, and the 
excretion of sweat is increased. This effect is well 
shown in cases where the sympathetic nerve in the 
neck has been divided, the skin of tlie face and neck 
on the same side as the lesion becoming moist with 
persijiration, whilst electrical stimulation of ti une 
cut extremity arrests the secretion. That a ilu t 
action can be exerted on the glands th u h th u 
vous system apart fi^om any change in h ul t a 
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i ehown, first, by the fact that stimulatioa of tlie 
sciatic nerve will produce increased secretion of s" 

in amputated limb ; and secondly, by the 
circumstance that if the sciatic nerve of one leg be 
divided, and the animal be placed i 
ture, and even if, in addition, the v 
be tied so that the conditions mi 
congestion of the cutaneous capillarie 
no secretion of sweat takes place fi 
limb, though the others, with the rest of the body, 
perspire freely. The nerve centre for the secretion of 
sweat lies in the anterior part of the grey substance of 
the spinal cord, and the motor fibres partly issue with 
the motor roots of the nerves forming the sciatic 
nerve, and partly enter (in the cat} the sympathetic 
cord. The sweat centre can be stimulated directly (1) 
by venous blood ; (2) by blood, the temperature of 
which has been artificially raised considerably above 
the normal ; ( 3) by certain poisons, as by nicotin ; and 
rejleelorially by stimulation of the sensory nerves of 
the part. There must also be some fibres of commu- 
nication between the brain and sweat centres, since 
the influenc* of mental conditions on the production 
of sweat is very marked. 

The sebaceous matter secreted by the skin is 
the product of the cells of the sebaceous glands, 
situated near the roots of the hair, and opening into 
the hair-follicles. It is at first fluid, but in process of 
escretion forms a consistent mass that, as in the alee 
of the nose in some persons, may be squeezed out in 
the form of a white wormlike body. Examined under 
the microscope fat granules ate found with the debris of 
cells, crystals of cholesterin, and, in many instances, a 
small acaroid animal, the Deraodex foUiculorum, Its 
chemical composition is olein with some soaps and 
cholesterin, tJie insoluble phosphates of lime and mag- 
nesia, and extractives. Its purpose is to lubricate the 
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skin, diminish, exfiessiye evaporation, And render the 
Lairs bright and glossy. The akin of the new-born 
child is sometimes covered with a layer of this aeba- 
ceoQB matter, which is then named the v 

The functions of the skin as an organ of sensation 
will be considered under die head of special s 
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The chemical processes which are constantly taking 
place in the living body consist essentially in the 
decomposition of complex organic compounds under 
the inJSuence of oxygen, by which various forms of 
force are set free, and amongst others, heat. Every 
living body generates heat, but in some the pro- 
cesses of oxydation are SO slow and feeble that the 
temperature of the body does not materially differ 
from that of the surrounding medium, whilst in others 
they are so active that a tolerably constant tempera- 
ture is maintained. The former class, represented by 
such animals as the fish and the reptile, are sometimea 
incorrectly named " cold-blooded," but more properly 
" poikilotbennal ; " and the latter, represented by the 
bird and mammal, improperly " warm-blooded," but 
more appropriately " homoio therm ill." 

Mode of determinlnir the temperature.— 
The instrument employed for this purpose is the 
thermometer, and, as very minute differences have to 
be measured, it is expedient that the bulb should be 
large and the bore of the stem very fina For con- 
venience' sake a small indicator is inserted into the 
the form of a bubble of air separating a small 
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segment of mercury from the main body, which ahowa 
the highest point reached, and obviates the erroneous 
reading that would otherwise occur from the fall of 
the mercury during the interval between its contact 
■with the body and the examination of its height on 
the scale by the observer in a good light. In England 
Fahrenheit'H thermometer is in common use, in which 
zero is the point at which the mercui-y stands when 
ice and salt are mixed ; and the apace between which, 
and that where the mercury stands when placed in 
boiling water is divided into 212 parts, the freezing 
point in water being at 32. On the continent the 
thermometer of Celsius, or the centigrade thermo- 
meter, is used, in which the freezing point of water, or, 
rather, the melting point of ice is taken as zero, and 
the boiling point of water as the upper limit, the space 
between these two being divided into 100. One degree 
oentigmde is equal to nine-fifths of a degree of Fahren- 
heit's thermometer. To coBvert centigrade degrees, 
or the degrees of Celsius' thermometer, into those of 
Fahrenheit, multiply by 9, divide by 5, and add 32". 
To convert those of Fahrenheit's scale into centigrade 
degrees, suhtract 32, divide by 9, and multiply by 5. 
Thus, to convert 40°C. into Fahr., 40 x 9 = 3G0 ; 360 4- 5 
=72 ; 72 + 32=104°. Therefore, 40" C. = 104" Fal.r. 
In order to determine the t«mperatui-e of the botly, or 
of any part of it, time must be given for the full 
expansion of the mercury, and tliis commonly requires 
two or three minutes. In man, the temperature of 
the body is usually ascertained by placing the bulb of 
the instrument in the axilla and covering the etem 
with the bedclotlies. In animals it is often taken by 
inserting the bulb into the rectum or vagina. 

Temperature of miMi. — It is remarkable that, 
notwithstanding the rougliness of the instruments at 
his disposal, the estimate mai;le by John Hunter (99° 
Fahr., or 37-2° C.) coincides with tliu most t * ' 
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reoent researches. Perhaps 100° I'ahr. might be 
accepted for the general temperature of the interior of 
the body. 

Circumstances tnodilrmg tbe tempera^ 
tore of tbe bod)'. — In/lttence of aye.— The tempe- 
rature of the child before birth is a little higher than 
that of the vagina of the mother, owing to independent 
production of heat and protection from loss. Shortly 
after birth the child cools rapidly. During childhood, 
and up to puberty, the temperature gradually falls 
about two-tenths of a degree centigrade. From 
puberty to the age of fifty it falla about two-tenths 
more. Charcot remarks that the temperature of the 
axilla in old people may be as much as 3° C. below 
that of the rectum. Tlie temperature in old people is, 
however, nearly as high as in the new-bom child, 
probably owing to anjemiaof the skin, and consequent 
smaller loss by radiation ; but, like infants, they have 
little power of resisting the depressing influence of 
cold. Sex has very little influence on the tempe- 
ratur& 

Inflnenae of the ])eriod of tJie day. — The results of 
many experiments show that the temperature of the 
body rises quickly from 6 a.m. to 10 or 1 1 a,m., and 
more slowly up to about 6 p.m., when it begins to fall, 
reaching its minimum between 4 and 6 a.m. The 
difference between the maximum and the minimum is 
about P 0. 

Influence of food. — Aa the oxydation of the ma- 
terials which compose the food constitutes the source of 
heat, it is natural that the temperature should be modi- 
fied both by their quantity and quality, and by the tem- 
perature at which they are introduced into the body, 
but the eflecta are slighter than might be expected. 
The temperature rises after food, but only a few 
tenths of a degree centigrade, and it is said even to 
I decline if tilcohol be taken. Hot fluids raise the 
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^^H temperature one or two-teDtbs of a degree, whilst 

^^H after the ingestion of ice, or of a glass or two of iced 

^^V water, the temperature may fall one or two degrees. 

^^V The fall of temperature aft«r the use of aloohol is to 

^^^ be explained by its effect in dilating the capillaries of 

^^p the akin, thus allowing freer transpiration of watery 

vapour and radiation of heat, and this supplies a 

strong argument against the consumption of alcohol 

by those who are likely to be exposed to a very low 

atmospheric temperature. In inanition the oxydising 

processes continue in the body, which ia, ho to speak, 

living upon or burning itself, and the tempei-ature 

remains unchanged untU shortly before death, when it 

suddenly falls. When the decline amounts to about 

23° or 24° C. death invariably occurs. 

Injiuenee of mueeular eoaertion. — Muscles in con- 
tracting liberate heat, which ia carried off by the 
» blood cireulating through them, and warms the body 
generally. The effect, however, soon passes away, 
owing to the existence of compensatory arrangements, 
such as more rapid respiration and more rapid circu- 
lation through the skin. A quick march of the 
duration of an hour and a half has been found to raise 
the temperature 1'2° C, whilst in tetanus, in which 
many muscles are thrown into a state of spasmodic 
contraction, the temperature has been seen to rise to 
44-75° C. The same effects have been observed in 
dogs tetanised by the application of an electric cur- 
rent to the Bpinal cord ; but it is to be noted that 
there is not (fcly increased liberation of heat in such 
cases owing to muscular contraction, but that the 
vaao-motor nerves may be stimulated, causing con- 
traction of the cutaneous capillaries, and therefore 
diminislted loss. Marcet found that when at rest 
during the ascent of Mont Blanc the temperature of 
the body did not vary much at diflerent heights. Re- 
peated vigorous contraction of a siugle muscle, like 
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s temperature to rise half a degree 
no., and tlie temperature of the body rises nearly Lalf 
a degree C. during labour pains. 

Jnfiu&nci of mental exertion. — A slight rise of 
temperature, varying froin OS" to l''C., occurs in the 
whole system as the result of intense mental effort. 

» Influence of aurrounding temperatures.— TiT. Davy, 

■who made many esperimente in different climates on 
the temperature of man, found that climate had very 
little influence on the temperature of the adult white 
man. It scarcely differs more than 1" in the native of 
India and in the Icelander, tliough the ahsolute 
amount of heat generated in the two must differ to 
a very great estent. The larger quantity of heat 
■which the man develops who lives in a temperature 
where the thermometer falls many degrees below aero, 
as compared with that generated by those who dwell 

»in torrid zones, where tJie temperature does not, 
for a considerable part of the day, differ much from 
that of their own bodies, is derived, aa we have seen, 
from the nature of the food, which is not only greatly 
increased in absolute quantity, but consists of com- 

EDunda, like the fats, which in burning give off much 
eat The degree of moisture in the air is of great 
• importance, the influence of moist hot air being much 
more marked than of dry hot air, in consequence of 
iiie interference in the former case with the regulating 
action of evaporation from the skin. Many workmen 
are exposed without inconvenience to temperatures in 
diy air, which would be quite unbearable were it even 
partially saturated ■with moisture, the ill effects of 

such exposure being prevented and the temperature of • 

^^^ the body maintained at the normal standard by drink- 
^^■' ing freely of aome watery fluid and by copious perspira- 
^^K tion. Exposure to very high degrees of heat, espe- 
^^^L-lnally if accompanied with exercise, is apt to cause 
^^^L'9eath, either by apoplexy, as in the " sun stt^tfiV 
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that occurs in suminer even in temperate climates, or 
by " heat tetanus," in which the heart and reapimtory 
muscles suddenly become rigid. A frog stiffens and 
dies if plunged into water at a temperature at, or a very 
little above, that of the tlood of a mammal. The 
greatest cold which has been noted was by Capt. Back, 
who observed a temperature of— 70° JF., but, with suffi- 
cient food, little inconvenience is felt even by 80 low a 
teraperahire oa this, providing the air is stUL When 
the air is in motion, however, it is impossible to face 
it, and those parts of the body which are exposed, or 
remote from the heart, as the nose, ears, fingers, and 
toes, are certain to be frost-bitten or killed. The prac- 
tice of rubbing such parts with huow to restore anima- 
tion in them is right, as it prevents the vessels from 
yielding too suddenly to the influx of blood and becom- 
ing over-distended. Exposure to cold under unfavour- 
able circumstances, as under the influence of alcohol, 
may cause great reduction of the temperature of the 
body. Thus, in one case recorded, a drunken woman, 
after &,lling into a ditch covered witti ice, remained in 
it all night. On admission into the hospital the 
temperature was found to be reduced to 36° 0. In 
the course of six hours it had risen to 36-3° C, and 
ahe eventually recovered. 

Calorimetry. — By calorimetry is understood the 
measurement of the total amount of heat produced in 
a given time by the body, and this is ascertained by 
placing the aniiuat in a cage surrounded by ice or by 
water for a definite period, and collecting the water 
which proceeds from the melting ice or ascertaining the 
elevation of temperature which the water has under- 
gone. In either case the amount of heat given off 
can by calculation be exactly determined. Instead 
of determining the amount of heat generated in this 
direct fashion, it may also be estimated by indirect 
methods, one of which is to calculate the quantity 
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r carbon and hydrogen contained in a carefully 
oaljsed diet, and to coiapare it vith that eliminated 
y the urine and fceces ; the difierence gives the 
uantity of these elements oxydiaed in the system. 
L second method is to ascertain the quantity of 
xygen taken into the ceconomy, and the amount of 
CO] eliminated by the skin and lungs. The excess 
of oxygen not employed in osydising carbon is sup- 
posed to be applied to the orydation of hydrogen. In 
^^^ order that a standard of reference may be obtained to 
^^L wbidi variations in the quantity of heat produced may 
^^B Iw referred, it is found convenient to take as a unit of 
^^P heat the quantity of heat required to raise one kilo- 
^^ grammo of water at 0° C. one degrea This is called a 
calory, and the theory of the correlation of forces, sup- 
ported by the experiments of Joule and others, has 
shown that there is a direct relation between heat and 
^B^ mechanical work. The unit of work which has been 
^^h taken is named a kilogram meter, and is that amount 
^^K of force which is required to i-aiae one Jrilogramme one 
^^K meUir high. It has b««n. found by experiment that 
^^B the expenditure of one calory is capable of raising 
^^B 430 kilogrammes one meter high. That is to say, the 
^^B Inechanical equivalent of one calory is 430 kilogram- 
^^H peters ; and, rice versa, friction or a blow caused 
^^1 1^ the vertical descent of 430 kilogrammeters through 
^^B one met«r is equal to one caloiy. The mechanical work 
^^P of the muscles estimated in kilogrammeters may be 
^^ reckoned also in calories, since it is sufficient to convert 
calories into kilogrammeters to midtiply them by the 
number 430, whilst to convert kilogrammeters into 
calories they mUst be divided by 430. 

Sources of heat In the body, — The gene- 
ration ot heat in the body proceeds chiefly from 
chemical, but in part from mechamcal, processes. 

The chemical actions are the oxydation of the various 

^^^t aubstances ingested as food, which descend to lower 
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and atU] lower planes of chemical compoaition, till 
at length they are elilaiiiated from the body in the 
forms, already noticed, of water and carbonic acid, and 
of substances to be hereaft«r described, such as urea 
and uric acid, which are discharged by the kidneys ; 
and it is important to remember thub the quantity 
of heat generated by the combustion of these bodies 
is the same whether they are burnt directly with 
the free acoeea of oxygen, or whether they papa 
through a auceeasioa of grades of more and more 
complete oxydation. One gramme of hydrogen in 
combining with oxygen generates 34'462 calories, 
and one gr. of carbon 8-080 calories. One gr. of 

■ starch gives 3'3 calories, one gr. of albumin 4'998 
calories, and one of fat 9'069 calories. The high 
heat-generating power of fat is due to the fact that 
it is entirely burnt up, whilst it contains originally 
very Httle oxygen. Starches and sugars have lesa 
power of generating heat, because the hydrogen they 
contain is already partly oxydised, whence their appel- 
lation of carbohydrates. And albumins, though they 
contain much carbon and hydrogen, are yet less etl'eotiva 
than fats, because they are not wholly consumed in 
the body, but are eliminated in the form of urea, one 
gramme of which is still capable, when burnt, of yield- 
ing more than two calories. Besides the processes of 
oxydation, the combinations of acids with bases, the ab- 
soiption of water, as in the decomposition of fats, and 
the like, act in a subsidiary manner in the production 
of heat 

The tncchanicnl actions generating heat are 
chiefly those of friction : such as the friction of the 
•blood against the walla of the vessels, and of tendons 
/in their sheaths; but inasmuch as the friction is the 
result of muscular contractioD, which is attended with 
osydation, even this may be referred to chemical 
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Tba localitf of the gt^uoralion of heat.— H 
Lavoisier maintained that as the lunga were the H 

orgflna by which oxygen was ahaorhed, oxydising pro- ™ 

cesaes also took place in them, and that they might 
therefore be regarded as the foci or centres of heat in 
the oxionomyj but were this the case, the lungp should. 

tbe the hottest parts of the body, which experiment 
shows they are not The chief centres of heat pro- 
duction are really the muscles, in which, even when 
ftt reat, but especially when contracting, active pro- 
cesses of oxydation occur. A considerable quantity of 
heat is also disengaged in all glandular organs when 
discharging tlieir functions, and the liver, the largest 
gland in the body, has been shown to develop so 
mucli heat, that the blood [■etuming from it (that, 
namely, which is contained in the hepatic veins) 
possesses a higher temperature than that of any other 
part of the body. After the muscles and glands, the 
brain and nervous system are the principal organs 
which participate in the production of heat. 

Total quaatitf of heat generated in the 
body.^If, with Bauke, the diet of a healthy man be 
reckoned on the following scale, it will be seen to 
what the total quantity of heat generated per diem 
amounts ;— 

• 100 grains of albumin give 42(1-300 calorieH. 

100 „ of fat „ 906-900 „ 

240 „ of starch „ 938880 „ 

Total . . . 2372080 

In round numbers, a man generates per diem 2272 
calories, which ia equivalent to about one million 
kilogram meters, i.e., would be capable, if converted 
into mechanical work, of raising one million kilo- 
grammes one metre high. The force generated by 
^^H tbe oxydation of the food ts not altogether, though it 
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^^B is in part, expeuiled in the performiuice of extenia.1 

^^B mechanical work. Fart is expended in warming the 

^^1 air and food introduced into the body, part is lost 

^^1 by radiation and conduction, and part is used up in 

^^B the performance of internal work, as in the move- 

^^^ ment of the blood. The body may, therefore, be 

regarded in the light of an engine, in which the 

force liberated by combustion becomes apparent 

partly in the form of heat and partly in the form of 

work dona 

Regulation of the temperature of the 
body. — Aa the temperature of the body remains 
tolerably constant, while both the processea of oxyda^ 

Ition and the external conditions which lead to loss of 
heat undergo considerable yariatioo, it is evident that 
Bome rey;tik!toTy influences must be in operation. The 
Tariations in the production of heat depend essentially 
on the amount of muscular exertion that is made, 
whilst the variations in the loss of heat depend partly 
on the state of the body and partly on the temperature 
of the surrounding medium, and the nervous system 
constitutes the necessary bond of union by which 
the conditions leading to the generation and the 
loss of heat are associated. The chief causes of 
loss of heat are : (1) The heat required to warm the 
air inspired. The average daiJy amotmt of air 
inspired, thirteen kilogrammes, which enters the body 
at a mean temperature of 12° C, and leaves it after 
being warmed up to 37° C, that is, after it has been 
heated 25 degrees, is estimated to require 84 calories. 
(2) The heat lost in heating the food and drink, 
amoimting to 1900 gnna., which is estimated at i? 
calories. (3) The heat lost in cutaneous transpiration, 
which amounts to 6C0 grms., and requirea 384 
calories. (4) The heat lost by pidmonary evaporation 
amounting to 330 grms., and requires ISS calories. 
These collectively amount tu 677 calories lost. The 
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ning 1595 calories, required to account for the 
), are lost by radiation from the sTt'" , 
The compensatory arrangements, by which the 
I temperature is maintained at a uniform standard, are : 
»' (1) In cases of increased generation of heat by pro- 
moting its loss. (3) In cases of diminished generation 
of heat, by preTenting its loss. For example : If the 
external temperature to which the body is exposed be 
high, the arterioles of the skin relax, a freer current of 
blood passes through the capillaries, and radiation 
from the surface is increased, whilst at the same time 
evaporation of fluid, both by sensible and insensible 
■feanapiration, takes place, which powerfully contributes 
to lower the temperature. At high temperatures, 
moreover, the appetite for food is diminislied, and 
there is consequently diminished production as well 
as increased loss of heat, and the temperature of the 
body remains stationary. 

If, on the other hand, the temperature of the 
surrounding medium is lowered, the arterioles and 
capillaries of the skin contract, and loss of heat by 
radiation is greatly reduced ; food is taken in larger 
quantities, and of a nature like fat to yield more heat 
on oxydation, and the temperature is again maintained 
at an equable standard. 

iDflDCDce or tbe nerroas sysiem on Ibe 
generation or bent. — The influence of the nervous 
system on the production of heat is rendered evident 
by the division of the sympathetic nerve in the neck. 
The effect of this is to relax the arterioles of the side 
of the head corresponding to the lesion, those of the 
ear, for example, becoming more conspicuous, and the 
temperature of that organ considerably increased, the 
difference between the two ears augmenting in pro- 
portion as the external temperature is low. Various 
circumstances tend to show that there ia a generation 
I of heat in those tissues which thus receive a fulW 
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B abundant current of blood, and especially 
the fact that, if the head of the animal be enveloped 
L wool, the venous blood returning from the ear 
after section of the Hympathetio may be actually 
warmer than the arterial blood passing to it, indicating 
that a local generation of heat takes place. The 
fiinction of the aympathetic ■would, therefore appear to 
be, vhen in the normal and uninjured atat<?, to bridle 
the chemical changes, and consequently the develop- 
ment of heat in the tissues ; it is not only, there- 
fore, a vaao-conatrictor nerve, but abo a "frigoriiic 

Stimulation of a sensory nerve, such for example 
aa the auricularis, causes diminution of temperature 
in the ear when the sympathetic ia uninjured, but 
raises the temperature of the ear when the sympathetic 
ia divided. In the tirat case a alight rise precedes the 
fall, which depends on reflex paralysis of the vaso- 
dilator nerves, and is not observed if the vaso- 
dilator nerves are stimulated by curare, because tlie 
action can then be exerted upon the vaso-constrictor 
nerves. 

Division of the spinal corti is followed by a 
gradual fall of temperature till death occurs, the fall 
being more rapid in proportion as the cord has been 
divided at a higher point. If the section is made 
higher than the sixth cervical nerve, the respiratory 
nerves are divided, and artificial respiitttion must be 
maintained. 

The existence of a heat-regulating centre in the 
spinal cord is stUl debateii 
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Characters oftbe urine— The urine is a fluid 
secreted continuously by the kidney, and is the chief 
means by vhich the nitrogenised waste products are 
discharged from the body. It is a clear amber- 
coloured Suid, with slight fluorescence, depositing a 
light cloud of mucus on standing. Its reaction is 
acid. Its mean specific gravity, 1030. Its odour is 
aromatic. It should contain no morphological elements 
except a few epithelial cells. 

^uantitf of (be urine. — The average quantity 
of urine discharged by a healthy man per diem is 
about fifty ounces, or two pints and a half; but it 
greatly with the amount of fluid ingested, and 
■frith the evaporation of fluid by the akin and lungs. It 
increases with increase of blood pressure. It is 
greatest in flie morning, less in the evening, and least 
at night during sleep. The first day after birth it is 
scarcely more than an ounce, but at the end of the 
first month it rises to half a pint or more, and 
from three to five years of age it is about a pint and 
a half; it is less in women than in men. It is 
increased by certain drugs, as potash nitrate and 
acetate, which are termed diuretics. 

Specific gravity of (lie urine. — Though the 
average specific gravity is 1020 it exhibits great 
variations, the extremes being 1002, which occurs 
after drinking much water, and 1040 after abstinence 
from fluid, and copious perspiration. The specific 
gravity is essentially dejjeudent on the quantity of 
aolida relatively to that of the water. It ia estimated 
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by an inatniment termed aa Artlometer, or urino- 
meter -wliich consiBta of » float weighted with mercury, 
and with a long graduated neck. The graduation 
begins abovt at 1000 because the heavier the urine the 
less deeply will the instrument sink, and the further 
the neck wUl protrude from the surface. If very 
little urine is accessible, the specific gravity may be 
ascertained by adding two, or three, or four times its 
■volume of water, tlien taking the epecifiu gravity 
with the urinometer, and multiplying the number 
obtained by two, three, or four, according to the 
number of volumes of distilled water that has been, 
added. Attempts have been made to discover an easy 
method of estimating the quantity of solids in a given 
quantity o£ urine, and an approximation may be 
obtained by multiplying the two last numbers of the 
specific gravity by 2 '2 or by 2-3. Thus, if urine be of 
specific gravity 1015 ; 15 multiplied by 2'2 gives 33. 
The number 33 represents the number of solid parts 
in 1000 of such urine. 

Coloar of the urine. — As a rule it may be 
said that the larger the quantity of urine,.the paler it 
is ; whilst the smaller the quantity, and the more 
concentrated it ia, the higher the colour. The urine 
passed on rising in the morning is usually the most 
deeply coloured of the day. It is called uvina. 
ganffuinis. That passed after copious draughts ia 
pale, urtTta poCm. The v^na cibi, or urine passed 
soon after a meal, is intermediate in colour, and often 
cloudy. Some drugs, aa senna, rhubarb, and especially 
the prickly pear, confer a deep colour on the urina 
The colour of normal urine is due to urobilin, or to 
some modification of this substance, which is again 
derived from hiemoglobin, and is probably a product 
of its disintegration. 

The reaction or the nrine. — The acid reaction 
of urine is due to the presence of acid phosphate of 
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sodium, and not to free acid. The acid sodium 
phosphate occurs in the urine in consequence of uric 
atnd, hippuric acid, and CO, each seizing a portion of 
the sodium of the basic phosphate. The acid reaction 
is increased by fasting, muscular exercise, and the 
ingestion of acids, 'whilst it is diminished, and may be- 
come neutral or even alkaline, after food, apparently 
as the result of the separation of acid from the blood 
in the gastric juice leaving an excess of alkali. The 
ingestion of caustic alkalies and their carbonates, and 
of the salts of the vegetable acids, such as the tar- 
trates, malat«s, and citrates, which become converted 
into carbonates in passing through the body, renders 
the urine less acid, neutral, or even alkaline. 

The reaction of urine is ascertained by dipping 
into it a strip of violet litmus paper, which, when 
placed in acid urine, becomes red, and when in 
alkaline urine, blue. The degree of acidity is 
determined by finding how much solution of soda 
is requisite to make a definite quantity of urine 
exactly neutral. 

Chemical reacMoDs of tbe urine. — The 
addition of hydrochloric acid to urine renders it 
darker and causes the precipitation of uric acid 
crystals in the course of twenty-four hours. With 
great excess of hydrochloric acid urine becomes 
reddish-brown, violet, or blue. Tbe addition of 
gxdphMric or nitric acid deepens the colour of urine, 
and if the nitric acid be cautiously added, the surface 
of contact of the two fluids presents a reddish hue. 
The addition of picric acid causes crystals of uric acid 
to be precipitated. If acidulated with niCrifi acid, 
and immediately treated with phoapko-molybdic acid, 
and made to boil, it assumes an indigo-blue tint. The 
addition of alkaline solutions makes urine cloudy from 
the precipitation of the phosphates of lime and mag- 
TJrine causes the blue colour of iodine and 
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Bt&rch to disappear. A precipitate forms on the ad- 
dition of barium chloride as well as with nitrate of 
silver, acetate of lead, and oxalate of ammonia ; dilute 
solution of mercury nitrate renders it hazy, the cloud 
disappearing on agitation. Lastly, when heated with. 
Loniacal solution of copper oxide it destroys its 
blue colour (Beaunis). 

Chemical contpOBition of tlie urine. — The 
urine contains on an average about 60 grammes 
(about 900 gi-ains) of solids in twenty-four hours, 
of which 40 grammes /600 grains) are organic, and 
20 grammes (300 grains) are inoi^nic. 

The oTff/inic substances are partly azotued, partly 
lum-axotUed. The former includes urea ; uric and 
hippuric acids ; creatinin, xanthia, oxa)uric acid ; 
and sometimes allantoin. The latter includes oxalic 
and lactic acids, and glycose. Then there, are certain 
compounds of sulphuric acid named phenol-sulphuric 
and cresol- sulphuric acid, and eulpho-pyrocatechuic 
aoid, and certain colouring matters, as urobilin. 

Lastly there are the inorganic substances, which 
include sodium and potassium chloride, acid sodium 
phosphate, phosphate of lime and magnesia, alkalioe 
Rulphates, and traces of ammonia and iron. 

Many substances appear exceptionally in the urine 
either after the consumption of certain kinds of food, 
or in particular states of the constitution. Thus 
albumin may appear if a largo (quantity of white 
of egg be consumed. So also peptones are BOraetimea 
eliminated with the urine, and a diastatic ferment. 
In other instances mucin, inosite, hypo xan thin, 
leucin, tyrosin, and cystin are discharged. The 
appearance of albumin in large quantities, as shown by 
the foimation of a dense precipitate on boiling, and 
the addition of nitric acid, is a well-known flign of a 
serions disease of the kidney, Bright's disease or 
albuminuria. The urine in this affection is uniformly 
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of low apecJBc gravity, usually below 1010. The 
jiresence of sugar in the urine in considerable quantity 
is the characteristic feature of the disease known as 
diabetes, and the specific gravity of the urine in this 
affection is often high, sometimes remaining for a 
lengthened period at 1040, 

The organic constituents of the nrlne. — 
a) Urm. CO(NH.), The biamide of C0„ or car- 
bamide. Thia is the most important constituent of 
urine, for in man it is the eubstaiice which con- 
tains by far the largest proportion of the waste 
nitrogen of the body ; in fact, when the diet is such 
that the weight of the body is preserved the same from 
day to day, it may be accepted that almost the whole 
of the nitrogen which enters the body in the food 
ia discharged from it in the form of urea. The healthy ' 
adult Englishman performing moderate work excretM 
about 500 grains of urea per diem, or about 1 oz. av., 
of which nearly one half by weight is nitrogen. The 
quantity is not materially diflerenb in the French 
and Germans, in whom it is given as varying from 
thirty to forty grammes, with an average of about 
thirty-four grammes (which is 524 grains), though 
their food, differs somewhat in containing less meat. 
Women excrete less urea than men. Children, by 
reason of their activity, relatively more. In old age 
the quantity faUs considerably. The quantity excreted 
may be expressed differently by stating that it is in 
the proportion of 0-5 grammes (7 '5 grains) for every 
kilogramme {21b. 2 oz.) of body weight. Blood 
contains 0*025 parts per cent of urea. 

Physical and chemical characters of urea. 
— Urea is a crystalline substance, very soluble in 
watex and in alcohol, but almost insoluble in ether. 
It dialyses with great rapidity. When rapidly crystal- 
lised, the crystals are acicular, but, when slowly 
I'Bryatallised, they form four-sided prisms, with obHque 
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ri6o 
extremities, belonging to the rhombic system. They 
9x^ without smell, but have a cool taste like that of 
nitre. Considerable interest is attached to urea, 
from the circumstance that it is capable of being 
formed artificially. Thus, it can be obtained from a 
Bolution of ammonium cyanate, with which it is 
isomeric, by evaporation. When heated to 120° C, it 
ia decomposed into ammonia, which is volatile, and a 
residue of biuret ajid cyanuric acid. In putrefying 
urine, or when treated with strong mineral acids, or 

I when boiled with the hydrates of the alkalies, urea 
takes up two equivalents of water, and becomes 
converted into ammonium carbonate, the reaction 
being represented by the formula CO(NH,),+ aH,0 
= CO(OirH,)s. When acted upon by nitric acid, it 
breaks up into water, COj, and N. 
The separaiiaii of urea In a pure stale. — 
(1) Evaporate the urine of a dog, which has been well 
fed with meat, to a syrupy consistence ; add alcohol ; 
filter and evaporate the alcoholic extract; set aside 
to allow crystals to form. 

(2) Evaporate human urine to one-sixth of its 
bulk ; cool to freezing point ; add citric acid. Nitrate 
of urea falls, with colouring matter of urine. Sepa- 
rate the precipitate by filtration, dissolve in boiling 
water, and pass through animal charcoal. On cooling, 
crystals of urea nitrate form. Dissolve these in hot 
water, and add barium carbonate till effervescence 
ceases. The fluid now contains barium nitrate and 
pure urea. Evaporate it ; exhaust with alcohol, and 
set aside to crystallise by alow evaporation. 

Tesln for area In urine. — (1) Evaporate urine 
to half its bulk, and add strong HNOj. Impure ' 1 
urea nitrate separates out. 

(2) Rua»eU, and West's test. — This test consista 
essentially in decomposing urea into water, carbonic 
dioxide, and nitrogen gas. The iiuuntity of the 
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latter 'produced is a measure of the quantity of urea 
originally present The method adopted to effect the 
decompoBition is to dilute the urine to be examined, 
and to mingle it suddenly, by a special ajrangeoient, 
with a solution of sodium hypobromite and caustic 
soda in a test-tube inverted over water. Decomposi- 
tion immediately takes place according to the follow- 
ing formula : CO(NHj), + sNaBrO + aKaHO = 
3NaBr + 3H,0 + Na,COg + N, That is, Urea + 
Sodium hypobromite + Oaustic soda = Sodinm 
bromide + Water + Sodium bicarbonate 4- Nitro- 
gen. The nitrogen thus pi'oduoed ia given off as gas, 
and displaces the water in the graduated tube which 
, ia held over it. The gas ia at first evolved briskly, bat 
afterwards moru slowly ; to facilitate its evolution, 
the bulb of the tube may be slightly warmed with a 
spirit-lamp. After ten minutes, the amount of water 
displaced by the gas should be read off on the tube, 
which ia divided into tenths. Each number on the 
tube represents one gramme of urea in 100 centi- 
metrea of urine. Mormal urine should yield roughly 
1 '50 parts of nitrogen by this test. If urine contain 
albumin, it should be first heated with two or three 
drops of acetic acid and then filtered (Harris and 
Power). 

(3) Biuret teat — Heat urea crystals cautiously in 
a dry test-tube till the smell of ammonia ceases to be 
perceptible ; then add a few drops of solution of 
canstic potash and of copper sulphate, and a violet- 
red colour appeara 

(4) Liebig's test. — Forty cubic centimetres of urine 
are coUected in a glass. The sulphuric and phosphoric 
acids are removed by adding 20 cc of solution of 
baryta. The liquid is filtered, and 15 cc., containing 
10 CO. of urine, placed in a glass. To this is added, 
drop by drop, a test solution of silver nitrate (of 

_ which 1 cc. unites with 10 mm. of urea) until ■&.<) 
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furtlier precipitation takes place. Soda solution ia 
added to neutralisation. If now" one drop of the 
mixture and one drop of a pap of aodiuni bicarbonate, 
placed upon a watch-glass, give a yellow colour, all 
tbe urea may be considered to be precipitated. The 
quantity of the teat liquid uspd is read off, and, as 
each centimetre represents 10 millijrramB of urea, the 
quantity of urea in 10 oc. ia easily determined by 
multiplying by 10. The solution of baryta employed 
in this test is made of 1 vol. cold saturated solution of 
barium nitrate and 2 vol. cold saturated solution of 
caustic baryta. 

Circumstances moturying' tbe excretion of 
urea.. — (1) The nature and quantity of the diet. — If 
the food contain much albumin, casein, glutin, or 
other proteid, the amount of urea is increased. If, 
on the other hand, the food contain but little nitrogen, 
the quantity of urea diminishes. A diet rich in pro- 
teids will cause the urea eliminated per diem to rise 
from about 35 grma. to 80 and even to 100 gnns. in 
twenty-four hours, as is seen in some diabetic patients 
who eat an enormous quantity of food ; whilst a 
farinaceous and vegetable diet makes it fall to 20 grms. 
Though in greatly diminished quantity, it still con- 
tinues to be eliminated when food ia wholly with- 
drawn ; and, under these circumstances, there is a 
diurnal increase about mid-day and a diminution in 
the early hours of the morning. The consumption of 
food at each meal is followed by a rise in the quantity 
of urea eliminated. 

(2) Tfis injlu-mce of murcidar exerciee. — The 
experiments that have been made both on animals 
and man show that muscular exertion causes a slight 
increase in the amount of urea excreted. The ex- 
periments tliat are most relied on to establish this are 
those of Voit on the dog, those made by Flint and 
Pwkes on Mr, Weston the pedestrian, and those by 
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Parkes on Roldiera. In "Voit's experiments, a large 
dog, ■weighing about seyenty pounds, woa selected, 
and carefully trained, first, to perform certain regnlar 
work, as the turning o£ a tread-mill, the force required 
to accomplish which had been calculated with great 
nicety ; and, secondly, to evacuate the contents of the 
bowels and bladder at stated intervals. The excreta 
of the dog, when undnr ordinary conditions and with 
hia food and body weight in equilibrium, were then 
examined chemically, both in the fasting state and 
when consuming a minimum diet. It was then made 
to work, by turning the tread-mill for ten minutes at 
ft time six times during the day, (1) when fasting 
except from water, and {2) when supplied with just 
Buf&cient food to cover loss when no work was done. 
The results showed that there was an increase in the 
quantity of urea when work was done, but that the 
amount of increase was very small, viz., an increase 
of from O'l to 0'3 gramme in the fasting experi- 
ments when the total in repose was about one 
gram.mQ per diem ; and an increase of from 0"3 to 
0'7 gramme in the experiments with food when the 
excretion of the animal at rest was about 7 grammes 
per diem. Voit drew the conclusion that, during 
work, the substance of the muscle cannot undergo 
any large amount of disintegration, as was generally 
supposed before his experiments were made, and that 
the force exerted must be derived from the oxydatiou 
of other materials, of which the fat of the body or of 

I tiie food was the most probable. 

I The experiments of Fick and Wislicenus afforded 

' important confirmation of the general truth' of Voit's 
statement. These observers climbed an Alpine peak, 
the Faulhom, the height of which is 1,956 metres, on 
food fixim which nitrogen was excluded. Tlie work 
done in the case of Fick, who weighed 66 kilogram- 

, mes, was 129,096 kitogrammeters, and in the case oE 
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Wialicenus, ■whose weiglit was 76 kilogratonies, 148,656 
kilograrameters. In addition, other muscular work' 
was done within the body of each man, as the action 
of the heart and of the muscles of respiration, tlie 
exertion required to maintuin the erect position and 
the movements of the arms, which would all add 
their quota to the producte of muscular exertion. 
They took no albuminous food for seventeen hour* 
previous to making the ascent, none during the 
ascent, which occupied eight hours, and none for six 
hours after ; but they did tate a moderate amount of 
non-azotiaed food, consisting of oakea made with rice, 
fat, and sugar, with beer, tea, and wine, as solid food. 
The urine of different periods of the experiment was 
carefully tested to determine tlie amount of ureft. 
The periods selected were, that passed on the night 
before the ascent, that passed on gaining the summits 
that passed after the descent, and, Justly, that pasned 
after a full meal had been taken. The comparison of 
these specimens of urine showed that in both observers 
there was a slight deereaae in the amount of urea in 
the urine during the ascent and after the descent, 
as compared with the period before the ascent, the 
quantity discharged by Fick in grammes per hour 
during the four periods indicated being 0-63, 041, 
0-40, and 045, whilst, in Wislicenua, it was 061, 
0-39, 040, and 0-51, the umtnimity of the observa- 
tions on the two men being remarkable. It would, 
therefore, appear that in man, as in the dog, muscular 
exertion causes no perceptible disintegi*ation or wasto 
of the proper muscular tissue. 

The chief element of possible error in this conclti-'^ 
sion lies in the fact that it is assumed that musciilar-H 
tissue, if wasted at all, would cause an immediate^ 
increase in the quantity of urea in the urine, but it 
ia clearly possible that the decomposition of muscle 
into urea may not be immodiate, and that otlier 
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nitrogejioiia compouads may be formed, which may 
remain for some time in tlie tody, and be only slowly 
eliminated from, tlie body, and perhaps in some other 
form than lU-ea. Gamgee, however, considers that 
Fick and "Wislicenua' experiments show beyond all 
doubt that during and after muscular contraction no 
quantity of effete nitrogenoua material passes out of 
the body which is at all adequate to effect the 
mechanical work done in contraction. What they 
do not show is, whether or not any nitrogenoua 
waste occurs in muscle durinjf activity. If the 
urea be taken as a measure of the decoraposition 
of albumin or proteids in the body, it may be 
calculated that the quantity of proteids decomposed 
by Fiuk was 37'17 grammes, and by WisUoenua . 
37 grammes. These numbers afford data for deter- 
mining the exact amount of force generated in 
the oxydation of this quantity of pi'oteids, and from 
Frankiand's researchea it is certain that the total 
burning of 37 grammes of albumin would only yield 
about 80,000 kilogrammeters of force ; but we have 
already seen that Fick required upwards of 129,000, 
and Wialicenus of 148,000, kilogrammeters for the 
mere ascent, without reckoning the amount of force 
required for the operations carried on within the 
body. Experiments, similar to those of Fick and 
Wialicenus, were undertaken by Professor Haughton, 
who found that with a daily walk of live miles for five 
consecutive days the quantity of urea eliminated was 
501-38 grains, whilst with a daily walk of 20 miles, 
other conditions i-emaining unchanged, the amount of 
urea discharged was o01'!6 grains, or a trifie less than 
before. Prof. Parkea made a still more interesting 
aeries of researches on two soldiers at Netley. In one 
series the effeu-ts of work and of rest were contrasted 
in regard to the eliminatioti of urea on a diet which 
was abundant in quantity but contained no nitrogen. 
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I and in a, second series tlie efiects of work iind rest n 
contrasted on a normal diet containing nitrogen. In 
toth sets of Bxperimenta it was found that (iiere was 
a slight total increase of nitrogen eliminated during 
muscular exertion, though there was, as in Haughton's 
and in Fick's experiments, at first, and for about 36 
hours, a slight decrease in the amount of nitrogen 
eliminated when work was performed. The decrease 
was subsequently over-compensated by an increased 

Idischai^ of urea. In the experiments on. Weston, 
who, in one instance, waJked 100 miles in 21 hours 
39 minutes, and subsequently attempted, but failed, 
■to walk 400 miles in five consecutive days, were im- 
portant, because Dr. Flint deternuned on the last 
occasion the elimination of nitrogen by the urine for 
five days before the walk and for five days after it. 
Mr. Weston was 31, weighed 126 Iba, smoked mode- 
rately, and was an ^most total abstainer from alcohol. 
A. sample of every kind of food consumed was care- 
fully analysed. During the five days of the walk 
Weston consumed in all 11T3'6 grains of nitrogen in 
.liis food, and he elimiuat«d 1S07 grains of nitrogen in 
"the urine and fieces. This leaves 633'8 grains of 
nitrogen over and above the nitrogen of the food, 
■which it seems probable must be attributed to the 
'vaste of the tissues, and probably almost exclusively 
to the waste of muscular tissue. In this experiment 
Mr. Weston broke down on the morning of the fourth 
day clearly from utter exhaustion of the nervo- 
muscular api}aratus, and it is probable that this waa 
the result of an insuthcient supply of food. It is 
enough to add that in Favy's experiments on Weston, 
though he lost weight, the nitrogenous waste during 
the walking period was incompetent to account for 
the mechanical work done. 

The results of all tliese experiments, then, seem to 
demonstrate that there is a slight increiise in the total 
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excretion of nitrogen after exercise, and this probably 
in part proceeds from the disintegration of muscular 
tissue. But the relation of waste of the proper tissue 
of muscle to tlie amount of work done may not 
inaptly be compwed with the loss undergone by the 
iron framework of a locomotive whilst ru nnin g. 
During action a part of the framework is disin- 
tegrated and cast ofT, but the wear and tear of 
the machine is comparatively trifling ; the real 
Bourca of the power is the fuel in the one in- 
Btance and the carbohydrates and hydrocarbons of 
the food in the other. 

Origin of urea.— Urea, with carbonic acid and 
water, must be regarded as the final stages of the 
r^ressive changes through which the albuminous 
compounds pass in their transit through the body. 
Bome, but not all, of the steps by which the proteids 
are converted into urea are known. In the alimentary 
canal, for example, they are first converted by the 
action of the gastric juico into peptones, and these 
again, by the action of the pancreatic ferment, yield 
leucin, glyciu, tyrosin, and asparaginic acid, whilst, 
by putrefaction, the proteids yield various salts of 
ammonia. Similar changes take place in the pro- 
teids in the organs and tissues of the body i^er 
their absorption in the blood, and a number of 
compounds have been isolated, such as allantoin, 
alloxan, xiintliin, hypoxajithin, guunin, and urio 
acid, which are so closely alHed to urea that some, 
especially the last two, repJace it in the urine of 
vaiious unimals, or appear instead of urea as the 
result of some disturbance of the oaconomy, whilst 
the relationship is further shown by the circumstance 
that if administered with the food they greatly 
augment the quantity of urea excreted. The best 
physiological chemists admit, however, that it is not 
' at present possible to arrange a table in which the 
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albuminous compounds shall appear at the head of the 
list and urea at the bottom. An approxiniatioo may 
be made, no doubt ; but there must he many gaps, and 
it seems probable that urea proceeds either (1) from 
a combination of carbonic acid and ammonia with 
subtraction of water ; or (2) from a conversion of 
carbaminate of annnonia; or, lastly, from cyauate of 
iuumonia. 

If the antecedents of urea in the body are still 
somewhat uncertain, the same obscurity hangs over 
'tis pla<^ of origin. It is natural to supjmse that, aB 
the liver secretes bile, or the parotid glands saliva, 
the kidneys form urea ; and it ia to be observed that 
they receive an unusually large supply of oxygenated 
blood, so tliat it is not improbable that oxydising 
prooeasea take place with activity in their cells ; but, on 
the other hand, it is found that uroa is not only 
oonstontly present in the blood and lymph, but that it 
Kccumulates in the system after extirpation of the 
kidneys. And there is other evidence, such, for 
example, as the great decrease in the quantity of 
urea excreted in fatty degeneration and in other 
diseases of the liver, which indicates that thia 
organ, and perhajis the lymphatic glands, are places 
where urea is always being generated. One or two 
observers have, however, noticed that the quantity o£ 
urea in the blood after ligature of the ureters is much 
greater than after ablation of the kidneys, which 
supports the view that the kidneys themselves aid 
in its production ; and if this be admitted it is 
probable that it proceeds from the metamorphosis 
of kreatin, the quantity of which is always ia- 
ereaaed in tho muscles after the ureters have been 

Uric aeid OjH^N^O,— Thia compound is closely 
aUied to urea, and is the chief mode in which nitro- 
gen is eliminated from the body by birds, reptiles. 
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^^■-And insects. The ordinary quantity that is discharged 
^^■ui a Wealthy adult per diem is al)out 075 gramme, 
^^ or 10 grains, the proportion to wrea being about 
1 : 50 ; but if the diet be highly iiitrogenoua it may 
rise to 2 grammes or more. ITrlc acid is colourless, 
without taste or smell, crystallises in various forms, 
the type of which is the rhombic tablet. It does 
not exist in the free state in the uriue, but forma 
on acid urate of sodium and potassium. It is very 
insoluble in water, one pnrt only being dissolved 
in 18,000 of cold and in 15,000 of hot water. Hence 
when formed in excess it ia apt to appear as a rod 
sediment in the urine, to accumulate in the pelvis 
of the kidneys, for min g a singularly painful form of 
stone, and to be deposited, in combination with bases, 
in the joints. Uric acid is a less perfectly oxydised 
compound of nitrogen than urea, anil therefore makes 
its appearance when with abundant food there is 
insufficient respiratory activity. 

Tests for niic acid. — 1. The addition of a 
few drops of hydrochloric acid to urine causes uric 
iicid to separate in the course of a few hours in the 
form of crystals, the form of which may be recognised 
under the microscope. 

2. 2Vie murejAde test, — Uric acid or urates when 
gently heated in a. saucer with nitric acid become 
yellow and decompose into N and COj, which are 
volatile, and urea and alloxan, which remain. If these 
are slowly evaporated to dryness, and a drop of 
ammonia liquor being added murexide or ammonium 
purpurate forms with the production of a purple-red 
tint, which is very characteristic. 

3. Silver test — Drop a drop of the fluid containing 
a urate or uric acid dissolved in an alkaline carbonate 
upon a piece of blotting paper saturated with solution 
of silver nitrate, and a blaick spot appears, owing to 

^B reduced silver. 
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Qniiutilatlvc determinalioD of uric acid 

(Salioteski'g method). — Take 200 centimetres of urine, 
and make strougly alkaline with sodium carbonate. 
lit the course of an liour add 20 ceatimetrea of con- , 
centrated solution of aiumonium cMoride, 'which 
CHUBes a. precipitate of iioid ammonium-urate. The 
mixtui'e JB set aside for 48 houra in. a cool place, passed 
through a weighed filter, and washed. Sufficient 
dilute hydrochloric acid is poured on the filter to 
dissolve all the anunonium urate, the filtrate being 
received in a dean glass. After six hours' standing, 
the whole of the uric acid separates, and is collected 
aad placed on the same filter. The filter is twice 
washed with water and with alcohol till the acid 
reaction disappears. It ia then dried at 110° C. aad 
weighed. To the weight must be added, in addition 
to the weight of the original filter, 0030 gramme. 

The place of origui of uric acid. — Experi- 
ments to determine this point have been made on 
birds and on snakes, and it has been found that a few 
hours after the ligature of the ureters in birds, the 
canaliculi of the kidneys are filled with urates (which, 
towever, are not found in tlie Malpighian capsules), 
and that at a subsequent period a deposit of urates 
takes place on the surface of aU the serous mem- 
biiuies, tlie lymphatics of which are completely 
occluded by amoi'phous precipitate of these salts, 
on the joint ends of bones, in the parenchyma of 
the lungs, and elsewhere, whilst the blood, which 
under normal conditions ia free from uric acid, 
contains & quantity large in proportion to tlie time 
that has elapsed after the performance of the opera- 
tion. ParuJlel experiments in snakes are followed 
by the same effects ; but if in these rei)tiles the 
kidneys are extirpated, veiy little deposit of the 
urat«s occurs, and none is found in the muscles, 
lungs, or liver. The couclusion is tliereforo obvious, 
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liat uric acid is chiefly formed at the kidaeye, and 
Y the action of the cells of those organs. 

Kreatinin C,H,N,0. — This substance proceeds 
from the kreatin contained in muscle, from which it 
may be obtained by heating it in water, when H5O 
is given ofi". From 0'5 to 1"5 gi'ammes are eliminated 
per diem by an adults It does not appear to 
contained in the urine of the infant at the breast, 
is a strong base, crystallising in colourless oblique 
rhombic prisma. It is increased on an albuminous 
. diet, and dimimshes materially when no food 
L ingested. When boiled with baryta water it breaks 
L jip into urea and sarkosin. 

Hippnric acid. CgHgNOj is found in small qnan- 

iftty in the urine, about one gramme being eliminated 

IT diem, especially after the use of certain articles of 

et, as after asparagus, greengages, and the ingestion 

t benzoic, kinic, and cinnamic acids. It is largely 

twontained in the urine of herbivora, and in them pro- 

l''teeds from the cuticular tissue of plants, which is 

Ktiearly allied to it in competition. 

Xantliin CjHjNjO, is an amorphous yellowish- 

iwder, which dissolves with tolerable facility 

1 boiling water. Traces of it are found in the nervo- 

iular system, and in some glands. It esists in 

3 in the proportion of about one gramme in 300 

. of urine. It is intermediate in composition 

■een sarkin and urea. Heated with a drop of 

nitric acid it yields a yellow stain, which becomes 

yellowiah-red with potash, and on further heating 

violet-red. 

Hypoxantbln or Snrkin CsH^N^O. — This 

substance has only been found in the urine in 

|-leu<»emia, but has been obtained from muscles and 

■ Tarious glands. It is of interest on account of its 

I relationship to urea and to xanthin. From the 

ner it can be obtained by the r.ction of hydrogen 
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upon it in the nascent state, and it can be conyerted 
into the latter. 

Oxalnric acid C^H^N^O,. — This substance ia 
found only in Email quantity in the uiine in the form 
of ammonium osalurate. 

Allantojn CjHjN.O^ — AlJantoin ia found in 
the urine of the new-boni chDd for tho first few days 
after birth. It is eapeoially interesting from its re- 
lation to uric acid. For it can be shown that urie 
acid under the influence of osydising agents yields 
alloxan and urea. Alloxan by oxydation yields CO, 
and parabanic acid. Pai-ahaaiie acid + H,0 gives rise 
to oxaluric acid, and oxaluric acid when diaaolved 
in water and heated yields osaiic acid and urea. 

II. NoSAZOTJSED CONSTITUENTa OF THE XIhINE. 

Oxalic acid C,H,04. — Oxalic acid, which has 
just been shown proceeds from the deconi position 
of ozaiuric acid, exists in small quantity in the urine 
in the form of oxalate of lime ; it is augmented by the 
use of all foods containing oxalates, as tomatoes and 
rhubarb, and by fruits containing citric acid. 

JUactic acid CaHoOa.— This acid is found in the 
urine after violent muscular esertion, and is probably 
always present in minute proportion. 

Sugar. — The quantity of sugar in normal urine 
is, if any, very small, though in conditions of disease 
it increases to a remarksible extent. It is sometimes, 
iu abnormal conditions, replaced by inosite. 

Socciafc acid C,Hq0i is found after meat 
diet, and especially after eating asparagus and after 
the ingestion of alcohol. 

III. Conjugated Sulphur Acids qv the TJkinb. 
Indicaiii — This substance, sometimes named vn- 
{liyoijen, results from tlie combination of SO^H with 
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indoL It is a browniBh-yellow, bit 
tasting, syrupy substance, which is a stronger acid 
than acetic or hippnric ftcid. It exists in small pro- 
portions only in the urine. Ita quantity is increased 
by any circumstance that delays the passage of nitro- 
genous aliment through the intestine, as by ligature of 
the intestina It is augmented after the ingestion of 
indol. Its presence in the urine may be demonstrated 
by adding to a dmchm of nrine some strong hydro- 
chloric acid with a drop or two of nitric acid. Oit heat- 
ing, a violet-red colour appears, with the separation of 
rhombic crystals of indigo-blue and indigo-red. The 
same change is induced by putrefactive changes, and 
a coloured pellicle consisting of microscopic crystals of 
indigo-blue may not unfrequently be seen on the 
surface of decomposing urine. 

Phenol CjHjO, or carbolic acid, exists in the 
urine in combination with sulphuric acid, as phenol- 
sulphuric acid, CjUjO + SOjH, which forms salts with 
the alkalies. The pheno-sulphates form about one- 
tenth of the sulphates eliminated by the kidneys. The 
quantity of phenol is increased by the ingestion of 
phenol, tyrosin, benzol, and indol. The acid named 
arego-«iilpkw,'ic, and the sulpho-pyrocatechuic acids, ara 
occasionally present, 

I rV. CoLOUKiNG Matters op the "Urine. 

' UrobilfD. — This substance is a product of the 

metamorphosis of hsematin, and is associated with 
the colouring matter of the bile. It confers upon 
the urine its red or reddish-yellow colour. It ia 
especially abundant ux the urine of febrile patient*. 
Another substance, termed urochrome, has also been 
recognised, which oxydisea when exposed to the air, 
and yields uroerythrine, which colours the precipitates 
of sodium urate. 
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1. Sodimn chloride, of which aljout II 
grma. are excreted per diem, or 0-176 grm. per kilo 
of body weight. Women excrete less, and children still 
leas. There are two periods of the day at which 

quantities are eliminated, one in the 
morning and the other in the afternoon. It diminishes 
tfl two or three grama in inanition. It is increased 
by the ingestion of food, and by muscular and nervous 

2. Pbospliates. — The quantity of phosphoric 
acid daily discharged is, on the average, 2'8 grms., 
or 004i fi per kilo of body weight. One-third 
of this is combined with lime and magnesia, the 
other third with the alkalies sodium and potassium. 
The quantity of the phosphates eliminated is 
augmented by abundant food, by muscular work, 
and by the ingestion of phosphates, They are in- 
creased by mental work. The elimination of phos- 
phates is, for obvious reasons, less free during preg- 
nancy, and during the early years of growth and de- 
velopment. 

3. Sulpbatcs.— A man eliminates Rbout two 
grammes of sulphuric acid per diem, or 0'032 gramme 
per kilo of body weight. The quantity is increased 
by food and by muscular exertion. 

4. Ammonia. — The quantity of ammonia elimi- 
nated by the urine in twenty-four hours is about 0'7 
or 0'8 gramme. It is increased by some articles of 
diet, as asparsgua 

SpoDlaneoDS changes in urine on stand- 
ing. — tjrine, on standing in a cool place, first becomes 
id, owing to the development of an organic 
ferment (fungus), which acts on the minute quantity 
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of sugar contained in t 
development of lactic and acetic acids, the presence 
of whicli causes the precipitation of uric acid, 
acid sodium urate^ and lime oxalate, rendering the 
urine cloudy. After the lapse of some time the urine 
passes into alkaline or ammoniacal fermentation, a 
bacilliform microceus -aviius appearing, whicli de- 
composes urea with addition of water into ammo- 
nium carhonate. Urea CO{NH,), + zH,0 = am- 
monium carbonate CO.,(NH,)p 

mode of secretion of the mine. — The con- 
ditiona under which the urine is secreted ditTer from 
those of all other glands in the circumstance that the 
capillary vessels constituting the tufts of Malpighi 
enter, without the intervention of any lymph spaces, 
directly into relation with the gland tissue, separated 
from it only by a delicate layer of epithelium and the 
capillary wall In other parts of the gland, however, 
I tiie usual arrangements prevail. Mr. Bowman pointed 
I <nit long ago that the disposition of the blood-vessels 
' in the Malpighiao capsule was eminently favourable 
to the transudation of the watery parts of the urine, 
and that it was probable the salts were also excreted 
at this point, whilst the essential constituents of the 
urine, as the urea, were eliminated by the cells lining 
the convoluted jwrtion of the tube, and were washed 
away by the fluid coming down from the capsule. By 
Ludwig, on the other hand, and his school, the urine 
is believed to be secreted in a dilute condition, with 
all its constituents, in the Malpighian tufts, with a 
rapidity varying with the blood pressure. As it de- 
scends the tubes it becomes more or less concentrated, 
in accordance with the laws of diffusion and the 
density of tJie fluids moving in the spaces surrounding 
the convoluted portion of the tubes. The result of 
recent enquiries, and especially those made by Hei- 
■ denhain, on the whole favour the view taken by 
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1, for lie has shown that cortain auhstances ai 
excreted by the cells of the convoluted portion of the 
tubes, and not by those of the glomeruli, and hence 
that the functions of these two sets of i 
different. Thua, if a few minima of a solution of apure 
sulpho-indigotate of soda be injected into the blood of a 
rabbit, after section of the cord.whichisdona to reduce 
the blood pressure, and to allow a slower current of 
blood to traveree the kidneys, it will be found that if 
the antoal be killed, the cells of the convoluted por- 
tion of the kidney will, in the course of a few minutes, 
be stained of a blue colour, whilst those lining the 
capsules are quite uncoloured. If, however, an hour 
be allowed to elapse, neither set of cells presents any 
coloration, but the granules of colouring matter lie 
free in the lumen of the tube, none being contained in 
the capsules, clearly showing that the cells lining the 
convoluted tubes have seized on the sulpho-indigotate 
of soda, and have excreted it into that part of the 
tube to which they are attached. 

Influence ofblood pressure ou Hie scrro- 
tiou of uriuc. — The kidneys receive a very lurgn 
proportion of blood, and in dogs it has been found by 
experiment that (he arteries can be compressed till 
they are not more than about half a millimetre in 
diamet«r before the flow of blood through the veina is 
sensibly diminished, thus showing that the quantity 
of blood reaching the veins is, within wide limits, 
independent of the calibre of the arteries, but depends 
eBsentially upon the blood pressure, and the resisttince 
it meets with in the organ itself. When the blood 
pressure in the anrta falls below 40 — -60 mm. the 
excretion of water by the kidneys is entirely arrested ; 
hut above this pressure the amount of watery excre- 
tion is directly dependent on the variations of the 
blood pressure. The quantity of urine discharged 
diminishes, therefore, on stimulation of the vagiia, 
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^^^K-after luBmorrhage, and after section of the cord, 
^^^K tiie other hand, it increases if many large arteriea 
^^^r tied, which raises the pressure in those that still 
^^^B main patent. Section of the renal nerves leads to 
^^H increase of the urinarj secretion. Stimulation of 
^^^K them causes a dintinution of the flow. 

Pressure uD«lcr ivhicb tbe urine Is dis- 
charged. — If a mercurial manometer be inserted 
into the ui'eter of an animal, it is found that the pros- 
^^^ sure under which the mine is secreted will rise until 
^^^L it supports a column of mercury 60 mm. in height, 
^^^1 vrhen secretion stops. The pressure of the blood in 
^^V the aorta in the same animal was ohserved to be 
^^* from 100 to 105 mm. of mercury. 

Micturition.— The urine aa it is secreted collects 
in the bladder and is discharged at irregular intervals, 
but usually four or five times a day. The bladder 
holds about one and a half pints, and the pressure 
of urine in it in the healthy man produces no 
elTcct till it has accumulated to a moderate amount, 
when some discomfort is felt, and, by a slight eSbrt 
of the will, the bladder contractu and completely 
empties itaeif. If this amount be much exceeded the 
desire to evacuate it becomes imperious, and if it 
cannot be gratified pain ia experienced, and violent 
straining eflbrts are made. The nervous mechanism 
appears to be that there is a " micturition centre " in 
the lumbar region of the apmal cord, to which sensory 
fibres convey impressions from the mucous membrane 
of the bladder, and fi-om which motor impulses are 
transmitted to the bladder. This centre is under the 
control of the will. Under ordinary rircumstances the 
stimulus of the bladder, when moderately full, is con- 
ducted to the centre, and the requisite motor impulse 
"i transmitted to the detrusor urinie, and the urine 
I "would be discharged were it not that the sphincter 
te is contracted, and requires a relaxing impulse 
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^^H to be liberated. Tbia impulse may pi-oceed from tbe 

^^H cord, bnt is probably ordinarily effected by the brain, 

^^H in order that a convenient time and place may be 

^^H selected. As soon as the sphincter is relaxed tbe 

^^B detrusor acts and the urine is discharged. That tbe 

^^H act is in part voluntary is within the experience of 

^^H every one ; but that the whole nervous mechanism, in- 

^^H eluding reflex contraction of the detrusor muscles, and 

^^H the relaxation of the sphincter, is under the control 

^^1 of tbe centre of the lumbar region of the cord, is shown 

fay an experiment of Golt^ in which, tbe cord of a dog 

being divided, tbe applioaticm. of a sponge dip]>ed in 

cold water to the perinjcal region at stated intervals, led 

I ultimately to tbe discbarge of the urine at these periods, 
though under ordinary circumstances division of the 
Bpinal cord leads to retention and then to incontinence, 
the urine dribbling away as fast as it is formed, owing 
to loss of tone of tbe sphincter muscle. 



CHAPTER XITL 

ICSOULAB HOVBMBNT. 



The movements that are observed in the body are 
referable t£i one of thi'ce kinds, amiehoid movement, 
ciiiary movement, tmiscular movement. 

Amoeboid tnoveniciil. — The amceba is 

I organism presenting great simplicity of structure, if 
structure it can be ceJled, when it appeai-3 only as a 

I minute speck of animal jelly or protoplasm. When 
unexoited by mechanical or other stimulus, it forms a 
disk with irregular outline, in which alow movements 
can, by careful observation, be seen. These consist in 
protrusions of one part of the mass or another, whit^li 
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^^H often extend to a considerable distance from the main 

^^H iKKly, Rnd, after acting ss. feelers, are either again re- 

^^^H tracted, or draw after them the rest of the body. The 

^^^1 movements of the amiEba are most active at and about 

^^H a temperature of 36° O., but they cease or become im- 

^^f perceptilile towards the freezing point, and when the 

tem]jerature is iTiiaed as high as forty-iive degrees. The 

irritability or contractility of protoplasm is rendered 

evident by the application of a stimulus whilst it is 

^^^ performing these alow movements. The mass then 

^^^ draws itself together and aeenmea a spheroidal form. 

^^^B The atimuluH may be mechanical, iia by the contact of 

^^V a needle ; chemical, as by the addition of some salt ; 

^^^ thermic, or electric, or even the simple change from 

light to darltness or fi-om darkness to light. In all 

cft-sea it must bo of a certain degree of intensity, and 

must be sudden in its application, 

CiliaiT movement,^ — The colls of many parts of 
the body present processes of their protoplasm, which, 
during life, and for some time after death, execute 

rapid vibratory or lashing movements, the effect of 

which is to drive the fluid in which they move, with 
any particles that may be suspended in i^ towards the 
outlet of the body. The movement does not appear 
to be under the influence of the nervous system, but 
it is affected by external agents, moderate heat accele- 
rating, cold retarding it. The extent of motion of the 
individual hairs is through an arc of fifty or sisty 
degrees, or occasionally as much as ninety degrees, 
and they ai'e usually set in an inclined position in 
regard to the cell, bending forwards. The forward 
stroke of the hair is more rapid than the return stroke, 
and,whenmovingslowly,themovementrunsiiitheform 
of a wave along the huir like the undulation of the lash 
of a whip. In some instances the motion resembles 
that of the arm in circumduction. The rapidity 
with which the strokes succeed each other is rat-j ^««^, 
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for even wKen conEiderably retarded by chemical treats 
loss of power, tliej still may be a^.many as six or 
ht in the second. Attempts bave been made to 
estimate tbe force of ciliary movement, and it appears 
to be much gi-eater than that of striated muscle. 
The weight that wuk be distinctly moved, when covei^ 
ing a surface of one centimetre, by ciliary motion is 
accepted as its absolute force, and it has been found 
that the lowest value for the pharyngeal mucous mem- 
brane of the frog was 3-36 grammes. Ciliary move- 
ment may be observed to occur between 0° C. and 
45° C, and the most rapid motion is observed when the 
cells are exposed to temperatures near the higher limit. 
If heated beyond this the motion begins to fail, and 
ultimately leaves the cilia all inclining forwards. 
Kestoration of motion may occur on cooling, but at 
temperature of about 48° C. the motion ceases altogether 
and permanently. Short exposure to the temperature 
of melting ice temporarily suspends movement, which 
may, however, recommence when the temperature rises, 
provided the cilia bave not been quite frozen. The 
presence of water is requisite for ciliary movement, 
and also of oxygen, the motion eoon ceasing when 
oxygen ia wholly withdrawn. Exposure to oxygen 
under a pressure of eight atmospheres or more arresta 
the motion. Osone always acts as a poison. Alkalies 
and acids alike prove fatal to the movement of cilia, 
even in small doses. Small doses of ether, alcohol, 
amyl nitrite, and carbon bisuipliide first accelerate, 
and then in somewhat large doBes etop the motion. 
Chloroform arrests it without a primary stage of ac- 
celeration. The ordinary vegetable poisons, veratria, 
Btrychnia, atropin, eaerin, curare, quinine, morphia, and 
hydrocyanic acid, do not appear to be more injurious 
^an various indifTereat substances, according to the 
degree of concentration. 

Moderately strong currents of electricity act as 
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^^^K fexcitantB, etrong currents or shocks kill the cells and 

^^^E atop the movement. On theoretical grounds it has 

^^H been supposed that there must be in the subsl^ince, or 

^^H forming the substance of the cilia, serially arranged 

^^H particles, which, when at rest, are elongated, and when 

^^f in action are contracted, and the movement of which 

takes place in response to extei'nal stimuli, which here 

act directly and not through the intervention of a 

nervous system. 

The object of the motion in many of the lower 

I animals is to sweep aliment into the mouth, and to 
maintain respiration ; but in man it is limited, in 
general, to the propulsion of mucus and any particles 
of matter, as dust, the debris of cells, and in some 
instances the products of secretion, towards the ex- 
ternal orifice of the cavity or tube lined by the 
ciliated cells. 

ITInscular tissac— The muscles, which constitute 
forty-five per cent of the weight of the body, are the 
ttgents hy which the movements of the body and its 
members are effected. There are two varieties, the 
striated and the unstriated, the forraer of which are 
usually, though not always, under the control of the 
will, the heart being a notable 'exception. (For the 

(details of structure, see companion volume, Klein's 
*' Histology.") The striated muscles consist of 
Jtueiouii, bound together into a mass by peri- 
vu/sium. The fasciculi can be split into fibres 
having a length of about one and a half inches 
m the longest specimens, though only a fraction of 
this in many of the minuter muscles, and a 
tolerably uniform diameter of about ^^th of an inch. 
The Jtbrex, between which are the blood - vessels 
and nerves, are composed of a transparent nucleated 
sheath or aarcolejama enclosing fibrillie. The fibres 
^^^ may be spKt either transversely or longitudinally ; 
^^B the former case each fibre seoms to be 
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of disks, in the latter of a series of fibrils. If 
a fihril be examined it is seen to present alternately 
disposed d&rk and light portions, and these being ar- 
ranged on the same plane in adjoining tibrils, confer 
npon the fibre which they form its striated aspect. 
The dark particles are aniaotropous, or doubly refract- 
ing. The isotropous, or bright and clear bands, are 
BJngly refracting. The substance of the fibrils ia 
dividtid at regular intervals by septa named Krauae's 
disks or membranes. The dark particles, with a small 
portion of clear substance at either end, are Bowman's 
aarcous elements, and the same dark particles ai'e held 
by Briicke to be made up of still smaller uniraxial 
crystals named disdiaclasts. 

ITnstrialed miiscle. — Sometimes called smooth 
musole, forms an impoi-tant part of the walls of the 
blood-vessels, alimentary canal, and genito-uriuary 
apparatus. It consists of bands which, by appropriate 
means, can. be separated into long fusiform nucleatad 
cells. The colour of unstriated muscles is paler than 
that of striated, but they are fairly well supplied with 
blood-vessela, and abundantly with lymphatics, both of 
which present oblong meshes. 

Chemical characterB of iuu«cle.~The re- 
action of muscle is alkaline. The sarcolemma 
resembles elastic tissue, being unacted on by acetic 
acid, and resisting long boiling in water. It difier 
from elaatin in being slowly dissolved when heated ii 
dilute solutions of acids and alkalies. It is slowly 
acted on by the gastric and pancreatic ferments. 

The anieolropous, or dark substance, ia solid, and, 
though allied to the proteids, differs from them in not 
being aUected by alcohol or by salicylic acid, both of 
whioli precipitate the proteids, 

Muscle plBBDiB. — The isotropmia, or lif/H sub- 
stance of muscle, can be obtained by pressure at 0° C, 
from the perfectly fresh muscles of frogs, thoroughly 
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freed from bloiKl by injection. It is a fluid of syrupy 
with faint alkaline reaction, which coagu- 
lates like blood plasma. The coagulating substance ia 
named myosin. It forms and congulates slowly at 
0° C, but iuatantaneoualy at 40° C. Pure myosin is 
obtained by dropping muscle plasma into diatiUed 
water, when it coagulates in the form of little balls. 
It is ft neutral substance, insoluble in distilled water, 
but soluble in water containing between fiye and 
ten per cent, of N^aCL It decomposes peroxide of 



mascle semm is the liquid which remains after 
the separation of the spontaneously coagulating sub- 
stance from muscle plasma. It is alkaline, and contains 
three proteida in solution, viz., potassium albuminate or 
casein, serum albumin, and an albumin coagulating at 
45° C. 

HeemoKlobiii of mnscle. — The red colour of 
muscle is due to the presence of hsemoglobin, which is 
in combination with the plasma and not with the 
dark substance. Its presence in the muscle may 
be shown by holding a thin portion before the slit 
of the spectroscope after all blood has been removed 
by washing out the vessels with weak solution of 

When muscle is treated with cold water the whole 
of the constituents of the muscle serum are dissolved, 
and perhaps some of the anisotropoua substance. The 
fluid is found to contain the nitrogenous compounds, 
kreatin, kreatimn, carnin, xanthin, hypoxanthin, and 

nion-nitrageuoasconstltuentsorninscle. — 

These are fats, glycogen, and inoaite, with the volatile 
fatty acids and paralactic acid. The quantity of gly- 
cogen is about 0'5 per cent Inosite C^HuOo-l-zHjO 
is a non-fermentable sugar crystallising in large colour- 
L less monoclinic tables. It dooa not reduce Fehlins^'s. 
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flolution, but colours it green. Muscle contains a trace 
of pepsin, and probably also of a diastatic ferment which 
has not been isolated. The proportion of water in 
muscle is about seventy-five per cent The organia 
matters, chiefly albuminous, are about twenty per cent., 
and the salta make up the remainder, the phosphates 
Olid potassium salts being particularly abunthint. 
There are about sis times more salts of potassium by 
weight than of sodium. 

Healthy muscle during life, even when tft perfect 
rest, abstracts oxygen from the blood passing through 
it, in a^ldition to the materials required for its nutrition, 
and gives off carbonic acid, though in less qiiantity 
tiftn tlie oxygen absorbed. Even after death, or in 
exoiaed muscle, is taken up and CO, eliminated. 
The exchange of gases is greatly augmented during 
conti'oction. 

Properllefl of musculnr tissne^-The most 
imiwrtant properties of muscular tissue are extensi- 
bility, olftSticity, and contractility. The exlensibilili/ 
of muscle is Uie elongation it undergoes when it is 
stretched by a weight. The elasticity is the power of 
recoil whidi muscle possesses when it is either elon- 
gated or compressed. The eontractilUy of muscle is 
the power it possesses of shortening when stimulated 
either directly or through the n 

Extensibility of musrie.— This is difficult t 
determine, but Bonders has endeavoured toestimateil 
by supporting the fore-arm attlio elbow, wht 
angles to the upper arm, and then snap 
from the wrist, and, after allowing ii 
seconds, suddenly snipping tlie t' 
it. Tlie result ohtainid w 
precisely proportioned t 
bility of muscle ii 
bones, for since the b 
»}] sidea, if these ^ 
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hut 88 it is, when one set of muBcles contracts and 
draws the hone with them, tlieir antagonists yield to 
a oorreaponding extent 

ElaBlicity of mnscle. — The eloRticity of 
mascles is small, hnt perfect. Tliat is to say, a very 
small weight will extend a mnscle, but when that 
weight ia removed it returns exactly to its original 
dimensions. The elongation of a muscle ia not in 
exact proportion to the weight extending it ; but, 
according to Wertheim, the elongation diminiahea, at 
first quickly, and then more alowly, in proportion as 
the weight increases, and the curve of muscular 
elasticity, instead of being nearly straight, resembles 
a hyperbole. The limit of elasticity of a muscle is 
soon reached, so that the ga.^trocnemius of a frog 
extended by a weight of 100 grma. will no longer 
return to its original length. Yet the cohesion of the 
same muscle is sufficient to resist a weight of about' 
250 grms. even after death, whilst during life the 
breaking strain is about a kilogramme, or 1,000 gnus. 
The importance of the elasticity of muscle is consider- 
able, for it is due to this alone that, notwithstanding 
the distance between its points of attachment is con- 
dderable, it is sufficiently tense to prevent time being 
lost before contraction occurs. Moreover, it permits 
tthe muscle, when brought into sudden action, to act 
ttootiily and uniformly without- danger of tearing. 
Bcles of the body are always in a state of 
^^ shown by the retraction of the ends 

of niDHcIe. — This ia the property 

'bub possesses of shortening when 

formerly much discussed 

to a cis inalta, aa Haller 

[uuscle itself, or whether 

iem. But 

been recognised oa 
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unprofitable. The nervous and muscular eyatei 
ta reality fused together, and in some of the lower 
ne part of a cell may be nervous aud another 
muscular. And although the contraction of muscle 
ordinarily takes place in consequence of an impulse 
propagated fram the nervous system, there can be 
little doubt that if the nerve tissue could be entirely 
removed from a muscle, it would still contract on the 
direct application of a stimulus to it. There are 
indeed instances of muscular tissue, such, for example, 
as the fcetal heart and the allantuis, which contract 
rhythmically, notwithstanding that there is a complete 
ahsence of any differentiated nervous system ; whilst 
in enrare a drag is knowa which ia capable of para- 
lysing the extremities of the inotor nerves, whilst the 
muscles still remain capable of resjionding to direct 
stimulation. 

The irritability or contractility of both striated and 
unstriated muscle is rendered much feebler by exposure 
to cold, but is at the same time much longer preserved. 
Thus, the gasti'ocnemius of a frog in winter, when 
detached from the body of the animal, and ej^posed, 
with some precautions against drying, to a temperature 
a little above the melting point of ice, will preserve its 
contractility and alkaline reaction for as long a period 
aa ten days, whilst in summer the muscle may cease to 
respond to a stimulus within twenty-four hours. The 
same holds good of the heart of a frog, which will some- 
times, in winter, continue to contract rhythmicallyafter 
removal from the body for nearly a week, whUst in 
Bummer it ceases to boat in a few hours. This effect of 
cold is also observed in the muscles of the higher ani- 
mals, though the time is relatively much shorter. In 
man the muscles lose their irritability after suddeu 
death, as by hanging, very quickly, no truce being ob- 
Bervable after the lajise of from three to seven hours. In 
Bome cases of disease it lasts longer; and a case is on 
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record in wldch, the cause of death lieing aneurism of 
the heart, the muscles retained alight ivritability for 
twenty-seven hours after life was extinct. The mnacleB 
of the new-born child lose their irritability sooner than 
those of the adult, proyiding the two are maintained 
at an equal temperatnre ; but the body of the infant, 
being of smaller size, loses its heat, if no precautions 
are taken to prevent it, more rapidly than that of the 
adult, and the muscles may hence appear, deceptively, - 
to retain their irritability longer. 

The order in which the several muscles of man 
lose their contractility ia : first, the left ventricle, which 
ceases to respond to any stimulus about three-quarters 
of an hour after death ; then the large intestine, then 
the small intestine ; and, after a few minutes, the 
stomach, the urinary bladder ; and, about an hour 
after death, the right ventricle; aboutone hour and 
a half after death the cesophagus, the iris ten minutes 
later, and then the muscles of animal life, those of 
the trunk losing it before the members, and those of 
the legs before the arms. The right auricle, which 
Haller rightly designated the " primum movens " 
"ultimum morieus," retains its irritability tlie 



Rigor mortis— Immediately after death the 
irritability of muscular tissue increases, but it soon 
begins to dimiuish, and as soon as all traces of irrita- 
bility have died out rigor mortis oommences. In this 
state the muscles become hard and stiff, presenting 
many of the characters of contraction It appears to 
be of invariable ocourronce. The instances in which 
it has been considered to ba absent, as in death by 
lightning, in hunted animals, and in asphyxia, have 
probably been oases where it has occurred very early 
or late, and has been overlooked. In some cases of 
gfunshot wound it has succeeded sjiaam of all the 
Ijnuscles so quickly, that the body has preserved tb& 
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^^1 kneeling or sitting poaitioa it occupied at the moment 

^^m of death. Kigor mortis commences in the muscles of 

^^K the jaws, then in those of the neck and trunk, and, 

^^B generally, in those of the lower limbs before those of 

^^B the upper, but occasionally the latter stiffen first. 

^^P From observations made on a considerable number of 

aubjeota, Niderkom has constructed the following 

table, which shows the time when the rigor mortis 

was complete ; — 



Eleyenth hoij 


r aftar daith 


1 


Seventli hou 


r After death 


Second „ 




2 


Third „ 




ITiirteenth,, 




2 


Fifth 




Ninth „ 






Sixth 




Eighli „ 




7 


Fouith „ 




Tenth 


.. 


7 


Total 
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So that as a rule the rigidity of the body is complete 
from four to sis hours after death. It usually sets in 
more rapidly when, the body preserves more heat than 
usnal, hence it is early in its appearance in those who 
meet with sudden deatL And Brown S^uard records 
a case in which rigor mortis was established in the 
jaws several minutes before the heart ceased to beat 
On the contrary, cold retards its appearanc& 

Section of the sciatic nerve causes the muscles of 
the lower liniba to stiffen more slowly than when the 
nerve is uninjured. Paralysed limbs are earlier 
affected than the opposite sound ones, perhaps because 
the healthy nervoa maintjiiu some degree of tonicity 
and chemical activity. The injection of defibrinated 
arterial blood has been found to render the muscles 
once more Bu|iple after they have passed iuto the con- 
dition of rigor mortis, but venous blood is inoperative, 

The cause of rigor mortis is believed to be ths 
coagulation of the myosin, and it is remarkable that 
the injection into the vessels of a rigid limb of a ten 
per cent, solution of common salt, which is known to 
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dLssolve niyoain, restores the limb to its original con- 
dition of suppleness. Muscle in tbe condition of 
rigor mortis is shorter, thicker, and of firmer consis- 
tence, resisting pressure and any attempt to elongate 
it. It mpturea with less facility. The muscular 
cuiTent of electricity disappears, or ia reversed. Ita 
reaction changes from the ijkaline reaction of healthy 
living muscle to acid, which is attributed to the 
presence either of sarcolactic acid, which ia ail isomeric 
modification of lactic acid, or to that of glycerin- 
phosphoric acid, or of both. 

SlcnsoD's experiment. — The muscles can be 
thrown into a state resembling or identical with rigor 
mortis by arrest of the supply of blood, a fact origi- 
nally noticed by Stenson. The first eilect of the liga- 
ture of a vessel passing directly to a muscle is, that 
its irritability ia increased ; it then rapidly lessens, and 
finally the muscle passes into a condition of stif&iess. 
In the earlier period of the action the muscle is 
capable of completely recovering itself after removal 
of the ligature from the vessel, but in the later stage 
the muscular rigidity is permanent. 

Heat rigwr. — The muscles of mammals pass into 
a state of rigor at a temperature of 48° — 50" C, those 
of frogs at 40° C, and those of birds about the tempera- 
ture of 48°— 50° C, 

W^ater rig'or.^Tbe exposure of muscle to the 
action of distilled water induces a condition of rigor, 
and even ordinary sea-water acts in the same way, aa 
is seen in the crimping of cod. 

Aeid rigor.— The injection of one part of lactio 
or hydrochloric acid into the muscles of frogs produces 
rapid stiffening. 

Idiamnsciilar contraction. — When a muscle 
is nearly exhausted, and a direct stimulus is applied to 
it, a swelling or local contraction is often observed, 
■rhich is slowly propagated in the form of a wave fvQiR 
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the point stimulated to both extremities. It may be 
observed even during life, the most favourable situation 
being the pectoralis major of patients affected with 
phthisis or other wasting disease, in whom there is 
little subcutaneous fat. In such patients a. smart tap 
raises a swelling which may be seen to extend over 
the whole length of the muscle. Akin to idiomusoular 
contraction is the " fibrillar contraction," or quivering 
of various facial muscles, which is often .experienced 
in enfeebled states of health, and may sometimes be 
seen in the gastrocnemii if the leg be suppoi-ted and 
at refrt The same occurs in the muscles of the tongue 
after section of the hypoglossal nerve. 

Tauicilf or muscle. — By tonicity is meant that 
property of muscles by which thtiy preserve a certain 
degree of firmness and slight contraction, which is 
best seen in the sphincters. It ajipeara to be under 
the influence of the nervous system, since it is lo>st as 
soon as the nerve distributed to a muscle is divided, 
the muscle immediately becoming flaccid and relaxed. 
It fulfils tlie important purposes of aiding the elasticity 
in preventing any loss of time in the execution of 
movements when muscle is cidled into play, and of 
rendering smooth and uniform the movements of the 
limbs by antagouising the contriiction of the opposing 
muscles. It also serves to maintain the surfaces of 
joints in a stat* of coagulation. It passes, by insensible 
dfgrees, into those pathological conditions that are 
seen in contractui-es of the muscles in paralysis, and 
which are usually associated with organic changes 
in the muscle itself. 

Muscle 8tiniDli.—(l) Nervous imfmht. — The 
normal stimulus of muscle may be propagated to 
it through a motor nerve from one of the highei' 
intellectual centres, when it is termed automatic or 
voluntary ; or from some othor centre, when it la 
usually of a reflex nature. It differs from most other 
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K^tiiuuli in bringing ^l the fibres of the muscle into 
■ij^ctioD simultaneously. 

(2) C/wmwo/.— Sucli as the mineral acida, which 
b promptly upon muscle even in the dilute state, 
ii^ough, they require to be rather concentrated to affect 
I nerve. Lactic acid and glycerin are said to act on 
■■jnuscle only in the diluted state, and on nerve only 
Q concentrated. Neutral alkaline salts act equally 
erve and muscle, and upon both with much energy, 
I Vhilst alcohol and ether act upon both comparatively 
I leebly. 

I (3) Thermic stimuli. — If the muBclea of a frog be 
I exposed suddenly to a temperature of 28° C. they 
gradually shorten, the contraction becoming suddenly 
strongly marked at 30° C, and attaining its maximum 
at 45° 0., at which temperature it easily passes into 
heat rigor. There is a difference between the smooth 
muscles of mammals and the striated muscles in their 
relation to warmth, for heat causes contraction of the 
latter and relaxation of the former. Striated muscle 
of the frog, cooled down to the melting point of ice, 
is rendered very excitable, and if it be then sub- 
jected to lower grades of cold still, it is stimulated to 
contract. ' The muscles of animals that have been 
artificially cooled preserve their excitability many 
iwurs after death. 
I (i) Mechanical atimuli. — A sudden blow or prick 
■■of a muscle excites a contraction, and if the shocks 
be Eufficientlj frequently repeated, tetanus is induced. 
(5) BlectTie alimndi. — These will be considered 
under the head of nerve ; but it may be remarked 
that an electric current passed transversely across 
a muscle is a much less powerful stimulus than 
when made to transmit it in the direction of its 

PlienoDiGna of contraction. — (1) When ex- 
tatnined with the naked eye muscle is seen, in the act 
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of contraction, to become shorter and correspondingly 
tbicker. It is not difficult to ehow that there is but 
little change in volume, and that the loss in length is 
almost entirely compensated for by a gain in thickness ; 
for if a portion of the body of an eel be placed 'in a. 
il, the stopper of which m drawn out so aa to form 
& narrow neck, and which is filled with water, if the 
muscles be made to contract by some stimulus, and 
there was either increase or diminution of absolute size, 
the water would rise or fall in the capillary neck, 
but the most exact researches show that the variation 
in the level of the vessel is almost inappreciable, and 
that if there is any change during contraction it is 
slight diminution, but this diminution of volume 
certainly does not exceed -rrro*'' "^ ^^^ total volume 
of the muscle. 

(2) Under the mici'OHeope tJie distinction between 
the isotropODs and the anisotropous substance becomes 
in the first instance obscureil, so that the whole con- 
tents of one of the oompartments of Krause presents 
a uniformly dim aspect ; but when the contraction is 
more advanced or complete, the central tranaverae dark 
band becomes lighter, and the terminal jMJrtions of the 
compartment darker, bo that there is either a shifting 
or interchange of position between the isoti'opous and 
tie anisotropous disks, or these parts undergo a change 
in their physical properties. 

(3) Certain e/iemieal ckaTiges take place in muscle 
during contraction, the most important of which are 
that four or five times more oxygen is used up, and 
more CO, is produced, the venous blood returning 
from muscle containing more CO, and more CO, being 
eliminated by the lungs. The muscles become more 
watery. The components soluble in cold water 
diminish, those in alcohol increase. The amount of 
glycogen diminishes. Acids are developed, especially 
a form of lactic acid which has been named the 
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PJWrcoIc£tic acid, glycerin-phosphoric acid, and car- 
e acid, and the reaction of muscle becomes acid. 

(4) -A. sound is emitted dnring the contraction of 
I muscle which may be heard when a muscle is made to 
[contract, either by the influence of the will or by any 

external Htiniiilua. It ia audible when the masseter 
muscles are strongly excited, and also when the 
muscles of the thumb are contracted iind the little 
finger is inserted into the oar. The number of vibra- 
tions is 19'5 per sec., but it is not this deep not* that 
is heard, but the first octave, overtone, or harmonic 
above it, having 39 vibrations per sec. When a, 
muscle is thrown into continuous spasmodic con- 
traction by the action of an induced current, the 
vibrations, and consequently the pitch of the sound, 
agree with the frequency of the shocks of the in- 
duction apparatus. 

(5) The temperature rises. In the muscles of a 
frog tetanised for a few minutes a rise of temperatuiva 
amounting to about 0'16''C. has been observed. In 
a single contraction its rise was from 0001° C to 
0'005- 0. 

More heat ia disengaged when the muscles per- 
form no work thnn when work ia done by their 
contraction. 

(ti) During contraction the normal electrical current 
of muscle diminishes in strength, and even becomes 
reversed, constituting the negative variation of Du Boia 
Eeymond. 

(7) In contraction the elasticity of muscle dimi- 
nishes, that is, it yields to a gi'eater extent with the 
same weight in the contracted as compared with the 
uncontracted state. This circumstance aSbrds an 
explanation of the " Paradox of Weber," viz., that a 
muscle in repose, and heavily weighted, will, when 
strongly stimulated, become longer than in thts 
quiescent state, instead of shortening. 
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Wave of mnscnlar coulraction. — WLen a 
atinnilus ia applied to the nerve supplying a niusole, of 
sufficient sti-engtli to excite contraction, the ffision of 
tJie two tissues is so complete that the whole of the 
muscle is made to contract, strongly or weatly, as the 
ciise may be, but atUl eimultaneously, and the same 
occurs if a current of electricity be passed from one 
extremity of the muscle to the other, ao as travol 
through the whole length of the muscle ; bot if the 
current be applied to one extremity only it ciui 
readily be shown, by the graphic method and the 
attachment of a succession of leTers or tambours to i 
in the direction of its length, that the contraction 
travels as a wave with considerabla speed from end 
to end. In the gastrocnemius of a frog the rapidity 
with which the wave travels has been determined 
to be from 4 to S metres j)er second, whilst in the 
arm muscles of man it is from 10 to 13 metres per 
second. 

The most rapid mfivements that can be executed 
by muscles under the influence of the will, as in 
writing, elocution, or in musical performances, do not 
exceed ten or twelve contractions per second. 

A siDg'le muscnlnr contrnction. — There is no 
short term in English to designate the sudden, short, 
and transient shortening which is termed by the 
French a secoJMse, or shock, aiid by the Germans & 
xue&ujig, or convulsion. It is the response of the 
muscle to a single stimulus, and much interest is 
flttiicheil to a tracing taken of it with a myographion.* 
Such a tracing ia shown in the adjoining out (E^. 10). 

It will be seen that tlwre are four lines. The 
lowermost at i exhibits an abrupt descent which 
indicates the moment at which the shock was applied. 
The next undulating line represents the vibrations of 
tuning fork, each double vibration of which occupied 

• 9ee oomjumion volume on " I'liysical Plijaiologj." 
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Y^Tfth of a Becotid, and consequently constitutes a re- 
liable and perfectly uniform measure of time. The 
straight line l b tlie basal line, and is made by the style 
or brush attached to the muscle on the cylinder when 
this ia revolving and the rouscle is at reat. The line 
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Fig. 10.— Tnwiiig of a. 



aa'hb is the tracing of the muscle curva It is di- 
visible into three parts : (1) The latent period, a'a ; 
(2) the period of ascent, A — h; (3) the period of 
descent, H — n. 

The latent period.— Careful examination and 
comj-iarison of time by means of the undulating line 
D renders it evident that the point A, at which 
the muscle begins to contract, and the curve 
to spring from the basaJ line, does not oorre- 
spond with the point a' or I, which represents the 
moment at which the shock was applied, but that 
a short interval a'a inteiTened. This ia the laieTU 
period. It lasts less than half a complete vibration 
of the tuning fork vilirating one hundred times in a 
second, and ia therefore about jjTjth of a second in 
duratioa During thie period the BwaAie. ^^kkvs. Vi^'- 
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gathering itaelf together for the effort it is about to 
make, and we may suppose that some chemical change I 
ia taking place bj which the liberation of muscular I 
force is eflected ; and it is found that whatever tends to \ 
promote or facilitate chemical change tends to shortfiu 
the latent period, whilst all that acts prejudicially to 
chemical action, and impedes it, teuds to lengthen 
Thua, the latent period ia shorter in muscles that 
are slightly extended by a weight than in those that { 
are absolutely quiescent, for in the latter case 
chemical changes are at their lowest and have to be 
started, whilst in muscles doing a little work the 
changes are already in progress and are easily ren- 
dered more active. Again, the latent period is shorter 
at a moderately high than at a low temperature, 
and hence it is shorter in summer than in winter frogs. 
Again, it is shorter in mammals than in froga ; shorter 
when a powerful electric shock is applied than when 
it is feeble ; shorter when the muscle ia fresh than 
when it is exhausted by exercise, and, above all, shorter 
when it still forms part of the body of the animal 
than after its removal and manipulation. An addi' 
tional argument is found in the circumstance that if a 
very feeble shock be applied to s muscle, a shock so 
feeble as to be insufficient to cause it to contract, the 
application of a second shock instantly induces con- 
traction, the latent period almost disappearing. It 
seems probable in such case that the muscle is pre- 
pared for the effort by the shock first applied. The 
latent period ia shortened by certain drugs, such as 
strychnia and veratria In mammals it is very short, 
and is believed to oscillate about ti-008 sec., a little 
more or less. A very heavy weight appended to e 
muscle prolongs the latent period, and it is prolonged 3 
by cur.™ 

Pcriwd of Bsccnt. — The ascending portioi 
the line representing the muscle curve corresponda 
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with the contraction or ahorteniiig of the moscle. The 
rise ia observed to be steep, and it can be shown by it 
that muscle contracts more rapidly at the commence- 
ment of its contraction than when it has nearly 
attained the maximum of its Bhortening, unless the 
musele ia heavily weighted, when the opposite condi- 
tions obtain. 

Period of descent. — This is always slower or 
more prolonged than the period of ascRiit. It corre- 
sponds with the period of relaxation of the muBcle, 
and, as in contraction, is more rapid at first than 
when the muscle has nearly resumed its ordinary 
conditions. It ia succeeded by one or two secondary 
vibrations due perhaps to elasticity, When a muscle 
ia lightly weighted, the descending portion of the 
curve does not reach the basal line, but when heavily 
weighted it may not only reach it, liut descend below 
it, and then rise above it again. In the ordinary con- 
traction of the gastrocnemius of the frog the relation 
ia point of time of the peiiod of ascent to that of 
descent is snch that if the former occupies one-tenth 
of a second the latter occupies three-tenths. 

Exhausted muscles have a longer latent period, 
contract more slowly and to a leas extent, and have a 
longer period of relaxation. The curve ia therefore 
lower and longer with the same stimulus. 

Summaiion of stimuli. — As a general rule, 
when a stimulus of moderate strength is applied to 
a muscle it contracts suddenly and completely, that is, 
to itfi fullest extent ; but a stimulus may be applied to 
a muscle so slight that no contraction follows; if this 
feeble stimulus be quickly reapplied two or more 
times contraction ensues, or if the first feeble stimulus 
produces slight contraction, the second stimulus, 
though it may not be any stronger, excites a vigo- 
rous contraction. This gradually increasing action 
Ijis termed summation by the Germans, and latent 



rigS Human Physiologv. [Oup. xiil ^B 

addition by the French. The interval of time between H 

two successive stimuli luay be hs brief as ^i^Fir^^ of a. H 

eecond and as long as ten seconds. Two stimuli, H 

though removed from each other by an interval as H 

ahort as the former of these periods or as long as tho H 

latter, are cousequently cleariy perceived by the V 
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muscle to be two, and the muscle cur\'e produced by 
them differs in its charactera Iroui that produced by a 
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single stimulus. If the two stimuli both occur within 
tlie latent period, or soon after the commencement of 
shortening, only one contmction will result, but it 
will be more vigorous than one alone. Tlius, in Fig. 1 1 
the first shock is applied at 0, and — 1 = latent 
period, and b a 8 represents the curve that would 
be produced if that stimulus alone acted ; but if 
now, when the muscle is just beginning to contract, 
a second stimulus is applied at B, the second contrac- 
tion superimposes itself upon the first, and the stronger 
contraction bc 11 follows. The excitability of a 
iems to increase when a succession of stimuli 
are applied, for it is poBsible to apply to a muscle a 
shook of such feeble intensity tliat no conti-aotion 
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follows, but if several sucli shocks are applictl ci 
tively, a vigorous contraction may be induced. Thus 
it is seen in Fig. 12 that the application of the first 
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two shocks was not followed by any contraction; the 
third, however, produced a Rlight rise in the myo- 
graphio tracing, the fourth a distinct but alight mua- 
oular contraction, whilst the three following siiocks 
"lused the muscle to conti-aot eiiergeticoUy, Hence it 
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^^1 » much more poverfal etlect than eitlier of them ^| 


1 

■ 


Secondary wave— If a mi 

ight weight is attached be thrown 
.ben left, it suddenly elongates, but 
to contract without the further 
timuhis. This contraction is term 
wave," and it is necessary, in or< 
iippear, that the muscle should be i 
weiglit light. 

Tetanus. — Tetanus is the fiia 
uccOBsive contractions into one 
raction. It occurs when stimul 
rapidly that the muscle has not tini 
the times of application of two co 
['he number of stimuli required t< 
nt-o tetanus varies greatly in d 

f tijo succs^ive aiuickn beiu^ Btjll iHui^aiitililo 

tanus ; the rapidly vibi-ating mus 
require 300. of the bizd 100 ; the 
a frog requires twenty-seven, and 
of the rabbit a very much grea 


scle to which a 
into tetanus and 
soon begins again 
application of a 
d the "secondary 
er that it should 
ery fresh and the 

on of a series o£ 
continuous con- 
are applied so 
to i-elax between 
nsecutive stimuli- 
throw a musoia 
fferent instances. 
Thus, in the case 
of the itediil 
niQscle of the 
snail, tetanus re- 
sults even when 
the interval be- 
tween two shocks M 
is as much aa ■ 
ten seconds ; two ^ 
shocks per second 
aie ButBcient to 
throw the striat- 
ed muscle of the 
tortoise into te- 
stes of the insect 
ftastvocnemiua of 
the pale muscles 
Usr number; the W 
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forty, the tmatriated two. In tlie 








graphic tracing o£ tetanus the con- 








tractiona caused by aticcessivp 








stimuli are seen to be aupcr- 








imiMJsed, till at length a maxi- 
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mum height is observed, which 
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is preserved aa long as the stimu- 
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lation is continued till exhaustion 
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occurs, when the line suddenly 








falls. So long as the line, though 








high, prfsents undulations, the 
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tetanus ia said to be incomplete 
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(Fig. 13); but when the tracing 






of the muscle forms a uniforni 








line (Pig. 14) then the tetanus is 
complete. Before tetanus ia es- 
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tablished, when the number of 
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is generally one contraction, fol- 








lowed by relaxation. This is 








named the initial contraction ; 








but instruments have been de- 
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vised by means of which 23,000 








stimuli can be applied in a 
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aecond, and it ia then said by 
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some that no initial contraction 
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occurs, the muscle passing at once 
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into tetanic spasm. 
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nmscle.^Cui-are, or woorara, is 
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the arrow poison of the South 
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American Indians, and is remark- 
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able for its power of rendering 








even large and powerful animals 








^^ motionless, when introduced into 








■L their blood. Ia small doses it 
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3 the irritability of both nerve and nmacle, but 
in large doses it primarily affects the intramuscular 
terminations of the motor nerves ■witLout Impairing 
the functions of the sensory nerves. Its fatal effect is 
the result of its paralysing action on the respiratory 
muscles, and where, as is the frog, the skin plays an. 
important part in the act of respiration, life may be 
preserved for a long time, though the animal remain* 
motionless. Though the intramuscular extremities 
of the nerves ate paralysed, the muscles themselves are 
capable of responding to direct Btimnli. In large 
doses the inhibitory fibres of tJie vagus are paraljraed, 
and the heart consequently beate more frequently. 
Curare produces little efi'ect when taken into the 
stomach, because as fast as it is absorbed it is excreted 
by the kidneys, but if the ureters are tied, the poisan 
ftccumnlatea in the blood, and the usual effects ore 
observed. 

Action of some other poisons. — Yeratria ra- 
sembles curare in its effects ; chloroform, ether, and 
cliloinl retard the whole process of contraction ; oxide 
of carbon, which at ordinary temperature has no action , 
on muscular irritability, abolishes it at a. pressure 
five atmospheres. 

Necessity for free supply of blood— The 
capability of muscle to respond to nerve stimulation, 
whether direct or indirect, is diminished by fatigue, 
and abolished by exLiustion, and the same effect i> 
produced by any means preventing the supply of blood 
to it, whether by pressure or ligature of the artery 
of the limb, by the injection into the vessels of any 
fine powder which obstructs the capillaries, or by the 
application of an Esmarch's bandflga On re-admission 
of the blood, if the supply have not been too long cut 
off, it is soon i-ecovered. The muscle does not lose itl 
irritability in anosmia, for it may still respond to 
direct stimuli, but nervous impulses can no longer be 
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communicated to it The heart, however, eeems to 
rentlj affected, since it stops instantly after 
of the coronarj- arteries. In frogs the whole 
of the blood may be replaced by solutions of common 
salt in the proportion of six grains to the litre. Yet 
Toluntaty and reflex movement, and the excitability 
of the muscles, may be jireserved for many hours. 
When all signs of irritability have ceased this property 
of muscle may be I'estored by the injection of warm 
de&brinated blood into the vesseb. In the dog 
restoration may take place sis hours after the last 
signs of irritability have vanished, and in pigeons 
after one. Speaking generally, muscle can live and 
contract independently of the rest of the body, but it 
requires oxygen for the manifestation of its activity, 
and it is necessary that tlie products of it« waste 
should be removed ; both of these conditions are . 
fulfilled by the blood current. The circulation of 
blood through muscle excited to contract is rendered 
more active. The intramuscular arteries dilate, and 
the flow of blood through them is more active. Small 
dilatations have been observed in the capillaries of 
muscle in which blood may accumulate, and a supply 
of nutriment and of oxygen is thus afforded which can 
'be drawn upon during prolonged effort. 

EflectB of nerve lesions on mnsclc.— In the 
course of three or four days after lesion of a motor 
nerve, the muscle supplied by it reacts less powerfully 
to both direct and indirect stimulation of the nerve. 
This period is succeeded by one in vhich constant 
currents act more powerfully whilst induced currents 
are almost inoperativa There is also increased 
excitability for direct mechanical stimulL This occurs 
about the seventh week, and from this time it 
gradually sinks up to the sixth or seventh month, 
when it disappears altogether. Under the microscope 
fatty degeneration appears about the second week. 
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ind graduidiy progresses until complete atropLy results 
(Landois). 

Work done by mnscle. — The work done by a 
muscle ia estimated by tDultipIying the weight raised 
by the lieight to which it is raiRed. If there is no 
weight to he lifted no work is done, and, on the 
other hand, if the weight is so heavy that it cannot 
raise it at all, no work is done. If the weight be 
gradually increased from a minimum it is found that 
the work done steadily increases up to a certain point ; 
when this is passed the height to which the weight can 
be raised diminishes, and the work done diminishes. 
Thus, in one experiment Weber found that with 
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From which it appears that most work was done in 
this case with a we'ght of 15 grammes. 

The "absolute muscle force" is the weight which 
a muscle stimulated to the utmost ia just unable to 
luise, so that it retains its natural length before being 
weighted, though at the same time it does not elon- 
gate at the moment of stimulation. As a means of 
comparison of the absolute muscle force of diff'iTent 
muscles, it is estimated on 1 square centimetre of the 
mean transverse section, and the mean transverse section 
is obtained by dividing the volume of a muscle by itt) 
length, and tiie volume equals the absolute weight of 
the muscle in question, divided by the specific gravity 
of muBcle, which is equal to 1 -OSS, The a^iaolute force 
of 1 square centimetre of frog's muscle is thus esti' 
muted at 2'8 — 3 kilogrammeters ; for the same area 
of human muscles it is about 8 or 9 kilograiiimetei's. 
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The greatest exertion of a man, reckoned at eight 
hours per diem, is estimated to be about 10 kilo- 
grammetera per second, or 300,000 per diem. One 
horse-power equals seven times this amount. 

The electric carreDt in muscle. — This may 
best be shown by excising a. muscle such as the gastro- 
cnemius of a. frog, and dividing it transversely imme- 
ditttely after removal from the body. If one end of 
a galvanometer wiie be now applied to the cut surface, 
and the other to the outer or longitudinal surface 
of the muscle, the movement of the needle indicates 
that a current is passing from the uninjured surface 
towards the cut surface, and hence it may be con- 
cluded that a corresponding current is passing inside 
the muscle from the cut surface towards the outer 
surface. In other words, imtldn the muscle the cut 
surface represents the positive pole, the free surface 
the negative pole, and outside tiie mnacle the longi- 
tudinal surface represents the positive, and the cut sur- 
face the negative pole. This subject will be more fully 
discussed wnder the head of electrical currents in nerve. 

1Tn«trlated mnscular tissae. — The physio- 
logical investigation of unstriated muscular tissue 
is rendered difficult, on account of the difficulty of 
obtaining a mass of it in an isolated state, its in- 
aeceasibiiity, and the circumstance that it is often 
arranged in alternating layers, which have a different, 
if not, as in the case of the intestinal wall and iris, a 
precisely opposite action. In experimenting on the 
retractor penis of the horse, dog, and some other 
mammals, where the fibres form a mass of considerable 
size, almost pure, and easily accessible, Sertoli haa 
found that this example of smooth muscle retains ita 
excitability for an extraordinary time (with proper pre- 
cautions to prevent loss of heat and desiccation), con- 
traoting, in response to stimuli, five, six, or even seven 
days after removal from the body. At a temperature 
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of 104° F. it Boon became fatigued, and lost ite sensi- 
bility. Its most remarkable power was found to be 
that of executing spontaneous movements even when 
removed from tUe body, the contractions lasting from 
two to six minutes, and the degree of contraction being 
Sibout one-tifth of the total length of the muscla The 
intermiseions were short The movements cease in 
deep narcotism, in aneemia, and with deficient supply 
of oxjgen. Direct stimulation with a constant current 
causes elongation with complete cessation of spon- 
taneous movements when the current is passing. The 
application of aa induced current causes contraction. 
The graphic tracing resembles that of striated muscle, 
but exhibits a latent period of O'S second, which is 
nearly 100 times longer than that of striated muscle, 
and a period of contraction lasting from 90 to 120 
aeconds. The contraction is moderately rapid, the 
relaxation at first slow, then more rapid, and linally 
very slow. Tetanus supervenes when the shocks do 
not succeed each other more rapidly than at intervals 
of one in live seconds, or twelve per minute. 

Arrang'enient and application of mtucles 
In tbe body. — The mnscles constitute nearly one half 
of the total weight of the body, and they are divided 
into several groups according to their mode of action. 
Borne have no definite origin and insertion, but 
Burround cavities, and form the walls of tubes, as in 
the case of the muscular walla of the alimentary 
canal, of the bladder, and uterus ; the coats of blood- 
yessels, glands, ducts, and lymphatics, all of which h«ve 
for their purpose the contraction of the spaces they 
bound, and the onward movement of their contents 
Others surround the orifices of the various apertures 
of the body, and are termed sphincters. Other groups 
of muscles have one attachment to some fitted point, and 
the other in a soft tissue, the movement of which they 
Tect ; Buch, for example, is the azygoa uvulie. And 
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others again, which are by far the moHt i 
have two points of attodiment into bone, and with the 
bones act as levers. Prof. Haughton has pointed out 
that in most kinds of labour which are effective and 
usnallj employed, almost all the muscles of the upper 
and lower extremity are exerted, together with the 
muscles of the lumbar and dorsal vertebrse. He takes 
the work of the Oxford or Cambridge eight-oor boat 
aa an example of extreme muscular exertion, and 
shows that the work doue by each man is nearly 
4 foot-toiia per minute. The average daily work of a 
laliourer is about 400 foot-tona, accomplished in 10 
hours. The oarsman, therefore, performs in one 
minute the hundi-edtb part of a fair day's labour, and if 
he could continue to work at the same rate he would 
finish his task in one hour forty minutes, instead of 
the customary ten hours. The work done, therefore, 
in rowing one knot in seven minutes is, while it lasts, 
performed at a rate equal to six times that of a hard 
worked lalmuver. The most effective mode of em- 
ploying human labour is to make a man lift his own 
weight through a height for many hours. 

Joints and Joint movements. — Joints result 
in some instances from the necessity of allowing for the 
enlargement of the contents of cavities, as in the case 
of the cranium. In such joints, termed synarthroses, 
there is no movement, but in other cases they exist to 
enable parts to move more or less freely upon one 
another. The movement is sometimes very slight, aa 
in the articulation of the pelvic bones with each other 
or with the sacrum, and the attachment of the bones 
of the vertebrse to one another. These are termed 
amphiarthroses, and tliey combine great strength with 
some degree of movement. The other joints are those 
which are intended to permit free movement, and 
which exist between the extremities of the bones of 
'the Umbs. In those which are termed diarthroses the 
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oppoBed. surfaces of the bones are covered with cartilage, 
over which, as well as over the inner surface of the 
ligaments binding them together, ia originally a thin 
membrane resembling the serous membranes, but 
differing from them in the character of its secretion, 
which is glairy, and adapted to lubricate the surfaces, 
med synovia. The membrane has hence been called 
the synovial membrane As soon as the joint is used, 
the cells covering the cartilage are worn away and are 
not replaced ; and, in the adult, the membrane, which 
is composed of a matrix of delicate connective tissue 
■with elastic fibres, and lining membrane of flattened 
epithelial cells, appeal's to terminate at the margin of 
the cartilage by a zone of polygonal endothelial ceils. 
Processes are often given off from the inner surface of 
the membrane, which, projecting into the joint, contain 
fat and vessels. The synovia is a colourless viscid 
fluid, containing mucus, albumin, and traces of fat and 
Baits. It is diminished in quantity after active exer- 
tion, when it also becomes thicker in consistence 
owing to increase of the mucus. 

The movable joints aix) divided into the ginglymuB 
or hinge joint, like that of the elbow or knee ; the 
artiwodia, where two plane surfaces are in apposition, 
like the os calcis and cuboid ; the enarthrodui, or ball- 
and-socket joint, as the hip and shoulder joints ; and 
therolaloriu, as in the radioulnar articulation and the 
articulation of the axis and atliis. 

Positions and Move.ments op the Body, 
The bones constitute a system of levers or rigid 
liars, which are acted on by the muscles and effect tlie 
movements of the body. The different kinds of levers, 
in which the fulcrum, the weight, and the power are 
respectively in the middle, are all represftnted in 
the body. Ad example of the fii-st oriler of lever ia 
found in the muscles moving the head furwurds and 
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backwards un the vertebral column. Thus, in the case 
of the backward movement, the rectus capitis posticus 
minor, amongst other muscles, rejiresents the power, 
the occipito-atlantal articulation ia the fulcrum, and 
the fore part of the head is the weight to be raised. 
Other examples of this form of lever are found in the 
movement of the trunk on the pelvis, of the foot on 
the leg, and of extension of the fore-arm. An example 
of the second form, of lever, in which, as in the first 
form, great power can be exerted by lengthening one 
arm of the lever, is found in the gastrocnemii when 
acting on the foot in such a manner as to raise the 
body. The force is here applied to the os calcis, thn 
fulcrum is the point of contact of the ball of the great 
toe with the ground, and tlie body is the weight to be 
raised. The third form of lever, in which the power is 
in the middle, is by far the most frequent, because, 
with some sacrifice of power, there ia great gain in 
rapidity of action ; and, as a rule, rapidity is required 
rather than strength. It is to be seen in the biceps 
of the arm and leg, the deltoid and brachiolis anticus. 
In every position of the body, except lying, muscular 
eSbrt is required, though the number of muscles 
brought into play in the sitting position is much lean 
than in standing. 

Standing. — In this position of the body il in 
necessary that a line dropi>ed from the centi-e of gravity, 
'which is situated about the second sacral vertebra, 
should fall on the area covered by the feet, or the space 
between them, and that the body, as a whole, in spite 
of its numerous articulations, should be kept rigid. 
The slightest inclination to right or left, forwards or 
backwards, tending to cause the centre of gravity 
to fall outside the surface covered by the feet, is 
counterbalanced by the action of opposing muscles, 
ivhich serve to restore the equilibrium, and that 
these really act is shown by the impossibility tit 




setting a dead man, or one who has only fainted, on 

SiUlng.— In this position the body rests on tho 
tnbera ischii, on which a. rolling movement, forwards 
and backwards, can be made. The body and head are 
maintained in the vertical position. If the forward 
movement be earned so far as to allow the centre of 
gravity, which ia in front of the tenth dorsal vertebra, 
to fall in front of the two tubera ischii, the body must 
be supported by resting the arms on some solid body, 
or the thighs must be supported. If the body be 
inclined far backwards, the coccyx may help in sus- 
taining it, whilst the psoas-iLiac muscle, pectineuR, 
and other muscles contract, and fix it upon the thigh, 
and the quadriceps extensor femoris again fixes the 
thigh upon the leg ; the leg is then either raised 
ajid forms the long end of a iever, of which the fulcrum 
is at the tubera, and the weight is the trunk; or 
the flexors of the leg act and press it against the 
support. 

Walking. — Walking is the horizontal forward 
movement of the body, by the alternate use of the two 
lower limbs and with the minimum of exertion. The 
leg resting on the ground is the "active" leg; the other, 
which is swinging through the air, is the "passive" 
leg. The following are the two phase* of the act, as 
given by Landois. In the lirst, the active leg standa 
vertically, the knee joint slightly bent and immediately 
. beneath the centre of gravity ; the passive leg ia com- 
pletely extended, and rests only with the point of the 
^eat toe on the ground. In this position a rectangular 
trian^ile is formed, of wiiich the active leg forms the 
hypothenuse. In the second phase, the active leg 
inclines forwards, the body is maintained at the same 
height, and, in order to accomplish this, the active 
leg is elongated by fully straightening the knee, and by 
raising the heel from Uio ground so that the foot reiita 
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on-tlie ball, and ultimately on the tip of tl 
During the period that the atraightening and fi 
inclination of the active leg is completed, the passive 
leg leaves the ground with the tips of the toes. 
The knee is now somewhat bent and executes a pen- 
dulum-like swinging movement forwards, and cornea 
to occupy a position as far before the active leg as it 
was previously behind it ; the sole of the foot is placed 
flat on the ground, and the position of the centre of 
gravity is now so altered by the lateral movement of 
the body aa to act through this, which is now become 
the active leg, and is sEghtly bent at the knee, and 
the first of the two phases recommences. The lateral 
movement of the hotly, made with the object of shifting 
the centre of gravity to the active leg, is accomplished 
by the glutasi and tensor fascise feraoris, and in 
persona of heary build, and in women who have 
naturally broad pelves, gives rise to more or leas of a 
waddling gait. In moderate walking the body is in- 
clined slightly, in fast walking strongly forwards. 
During the swinging movement of the leg, the body 
esecutea a alight rotatory movement on the head of 
the active femur ; but this is to some exteut com- 
pensated by the arm of the same aide swinging in the 
opposite direction, whilst that of the opposite side moves 
with tjie swinging ieg. Afi the rapidity with which 
the swing of lie leg ia accomplished varies with its 
length, it is apparent that each person must have a 
certain natural rapidity of walk, but the duration of 
each step depends, in addition, on the time that both 
feet ai'e simultaneousiy in contact with the earth, 
which is dependent on the wilL In very fast walking 
thifl period ia nil, as the moment that the active leg 
touches the ground the passive one is raised. The 
length of the Et«p is about two and a half feet 
and ia longer in proportion, as the length of the hypo- 
thenuse of the passive leg surpasses the o^tjcwitje. wA» 
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of the triangle formed by the actire leg. Hence, in 
striding, the active leg is slioiiened by bending at the 
knee, and the body is carried lower. 

Running' differs from walkiag in the circumatance 
that for a short interval both feet are o£F the ground 
together, and the body is in the air. The active leg is 
more bent at first, and is then straightened ■with a 
force that correaponds with rapidity of movement, 

lieapuiB'ii — In leaping, the hip, knee, and ankle 
joints, previously bent in opposite directions, are sud- 
denly extended, both leaving the ground at ttie same 
time. The muscular eSbrt made is more than is 
sufficient to straighten the limbs, and an impulse ia 
therefore imparted to the centre of gravity of the 
body, which is thus propeOed in the manner of a pro- 
jectile in the mean direction of the joints which are 



CHAPTER XIV. 

THE NEKVOUS SYSTr.M. 

Nervous tisRue is composed of nerve cells and 
nerve fibres, which are processes given off from the 
eells. In the central pai-ts of the nervous system, 
such as the brain aiid spinal cord, the cells are aoou- 
XQulated in large numheni, and are imbedded in a 
substance variously termed neuroglia, reticulum, 
supporting tissue, and poUo-synectic tissue. 

The cells and the fibres are organically continuous 

with one another, and impressions affecting the one 

are propagated to the other ; but these functions are 

BO far different that the nerve cells act as receivers 

^^ of impressifiiis and as originators of impulses, whilst 

^H the nei've lihres are tJie conductors which transmit ^| 
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impreaaions from the periphery towards the cella, or 
Bmiu the cpUs to the periphery. The parta of the 
neryoua ayst^m are the apinal cord and its continu.v 
tion upwards, the medulla oblongata, the pons, a chain 
of ganglionio masses situated at the base of the 
brain, t)ie cerebrum, tlio cerebellum, and the v 
nerves that originate iii or aio indirectly connected 
with these several parts. Before describing the 
fnoctioDS of the centres of the nervous system it is 
necessary to make some general observations on the 
characters and properties of nerve tissue in general, 
and of the mode in which it can be excited to action. 
Chemistry of tlie nervous system. — The 

I nerves are essentially composed of protoplasm, that is 
to say, of a proteid substance, and of fat compounds. 
The grey matter which fomis the outer part of the 
brain and the inner part of the apinal cord, contains a 
larger proportion of water than the white suhstance,_ 
the proportion being 81 '6 per cent, in the grey sub- 
stance, and 684 percent in! the white. When dried 
at a gentle heat the grey nervouH matter yields 55'4 
per cent, of albnmin and glutin, 17-3 of lecithin, 18'7 
of cholesterin and fats, 6'7 of extraot insoluble in 
ether, and I'S parts of salts. Tlio dry substance of 
the white matter of the brain and spinal cord yields 
only 247 of albumin and glutin, 9-9 of lecithin, 51'9 
of cholesterin and fats, 3-3 of substances insoluble in 
ether, and 0-6 of salts. Of the salts, those of potassium 
and phosphoric acid greatly preponderatB, The albu- 
minous or proteid compounds of nervous tissue in part 
resemble myosin, ia part casein, and a form of glo- 
bulin. The albuminoids are nuclein and neiuo-keratin. 
The principal mass of the brain ia considered by 
Liebreich to be composed of protagon, which ia a 
proteid containing both nitrogen and phosphorus. 
^^^ The chief fatty substance is cerebrin, which is soluble 
^^B in hot alcohol and ether. The extractives iDcludn, 
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amongst other substances, xajithin and hypoxanthin, 
kreatin, inosite, leucin, and lactic acid. The reaction 
of nervous tissue at rest ia either neutral or feebly 
alkaline, but when it has been excited to action and 
after death it becomea acid, appurently, as in the case 
of muscular tissue, owing to ttie development of lactic 

The eoJieaion of nerve fibres ih very small, but 
when boHuU together with connective tissue to form 
nerve cords it presents considerable resistance to 
mpture. The nerves possess little or no elasticity, so 
tiiat when cleanly divided the ends remain in appo- 
sition. 

Nerve stimnlir — Nervous tissue may be regarded 
88 matter in a very unstable state of chemical oompo 
BJtion, so that the appKcation of various extemal 
agents, named stimuli, causes it to readily undergo de- 
compositiou. These, as in the case of muscle, may be 
mechanical, chemical, thermic, electi-ic, or tliey may 
be waves or impulses transmitted from other cells. 
The effect of the stimulus is to alter the composition of 
the cell substance and to liberate force. In the case 
of all stimuli it has been found that a certain sudden- 
ness of application is requisite to excite the nerve, and 
that if the stimulus be applied with extremely gradual 
increments of intensity, beginning from 0, it may 
be augmented till the nerve ia destroyed without pro- 
ducing any noticeable elTcct. The mechanical stimuli 
acting upon nerves mny be of various kinds, such as 
a blow, or succession of blows, pressure, traction, 
puncture, and division. If these act on a sensory 
nerve tliey give rise to impulses, whioii, travelling 
oentripeially along different nerves, produce sensations 
of oharaoteristic nature, whiab experience enablea us 
to refer to their cause, and to the particular nerve 
excited. If they act on a motor nerve the impulaea 
travelling centrifu gaily excite contraction in the 
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muscle they supply, or secretion in the gland to 
which they are distributed. The smallest mechanical 
Btiniidus which can be perceived is that produced by 
the fall of 900 milligrammes through a height of one 
millimeter. Slight pressure or extension of iierve 
fibres increases their excitability, whilst strong stimuli 
exhaust them. The increased excitability in the 
former case soon disap])ears, and in the latter 
thongh the part sti-uck or injured loses its 
excitability, the whole nerve is not exhausted, 
the application of the stimulus at a lower point 
produces nearly the same effect as before. When 
pressure is made upon a motor and a 
sensory nerve simultaneously, the excitability of the 
motor nerve is first lost. 

Thermic stlmuU. ^ A sudden elevation of 
temperature or a sudden depression acts as a stimulus 
Within moderate limits heat augments and 
cold depresses their excitability. Exposure of the 
»s of a frog to a temperature of 50" G. (132" T.), 
after first exalting, quickly abolishes the iiTilability of 
nerve. Nerves which have been gradually frozen and 
slowly thawed preserve their irritability for a long 

Cbemical slimnli. — Tliese act upon the nerves 
when of sufficient strength to effect a rapid alteration 
in their composition The motor nerves are more 
readily acted on than the sensory, in which respect 
chemical differ from thermic stimuli, which more 
readily act on the motor nerves. Kapid withdrawal 
of water from a nerve, as by folding it in blotting 
paper or exposure to a very dry air, acta as a stimulus 
to it. Strong solutions of the neutral salts of 
the alkaline metals constitute stimuli ; common salt, 
however, acts only on the motor nerves. Free acids, 
'of phosphoric acid, the alkalies, 
and moat of the salts of the I 
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metals, act vigorously. Much stronger solutions of the 
acids arc required thou of the alkalies ; the latter are 
still effective when in strength not exceeding 0'5 per 
cent. Such dilute solutions first augment the excit- 
ability and then depress it. Dilute alcohol, ether, 
chloroform, bile and the biliary salts, and sugar, all 
act as stimuli They usually first induce convulsiooe 
and then cause death of the nervea Lime-water, 
carbon bisulphide, and some others kill the nerre 
without exciting convulsions. Carbolic acid, if 
applied to tbe spinal cord, produces spasms, but if to 
the nerves kills them without producing convulsions. 
The last -mentioned substaitces act as excitants to 
muscle when directly applied to it. Tannic acid acts 
neither on nerve nor muscle. 

Physiological stimnli. — The nature of these 
is unknown, but they may act on the centripetal 
nerves, as in the sensations, or on the centrifugal 
nerves, producing either motion or tlio inhibition 
of motion or secretion. 

Electrical slimuii. — Electrical currents may be 
applied to nerves either in the form of the constant or 
of the induced current, and the effects difl'er in some 
particulars. As in the case of other stimuli, no effect 
is produced if either form of current be very gradually 
increased from zero. Sensations or muscular contrac- 
tions only occur when the current is suddenly applied, 
stopped, or greatly increased or diminished in intensity. 
In the ease of the emuUvnt current applied to iniAar 
nerveg, contraction only takes place at the moment 
■when the current, of which the nerve forms a part, is 
eitlier made or broken. During its steady passage no 
contraction occttrs when weak, but with a certain 
moderate strength of cun^nt the muscle may be thrown 
into ]iermanent tetanus, a condition that is sometimes 
termed "galvanotonus." In the case of secretory and 
vasomotor nerves no efl'ect is pi-oduced during the 



.tmasage of the current of uniform strength. Very 
little effect or none is produced when the current is 
made to pass transversely across a nerve. It must, to 
produce contraction, pass through it in a longitu- 
dinal direction, and the longer the portion the weaker 
is the current required to produce a given effect. 
A certain duration of the current is necessary ; if 
it is briefer than -nnnro*^" "^ "■ second no effect 
follows. In the case of coristanl current applied to 
sensory Dervea, the Btimulating effect is also moat 
marked at the moment of closing and opening the cur- 
rent, the sensation being comparatively slight during 
the passage of a cuirent of imifonn density. A greater 
effect is produced by an electrical current of a given 
Htrength when it ia applied near the nerve centres than 
when it is applied to some part near the periphery, 
itnd it has been supposed that the wave of excitation 
03 it travels downwards gathers strength like an 
Hvftlanohe, but this effect is only observed with 
electrical and not with chemical stimuli Nerve 
tissue responds more readily to feeble currents of 
electricity than muscle, and some nerves, as for 
example those supplying the flexors of the leg in the 
frog, are more easily excited than others, as the 
extensors. The contact of a single pole of a battery, 
by disturbing the electric relation of the nerve, will 
produce contraction, which ia then called "unipolar 
induced action." 

Action of induced cnrrenis. — Induced or in- 
terrupted currents of electricity act Tery powerfully 
upon the nervea The induced current which ia 
eatahiiahed on breaking a cuirent, haa the same direo- 
B current, and is of very high tension. The 
I irduced current which ia estabhshed on making con- 
e tension, is produced more slowly than 
and runs in the opposite direction, 
strength of the inducing current, tka 
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inJuced current which is established on breaking 
contact constitiitea & much more powerful stimulus 
thim tliat 'which is established on making contact. 
The maximimi stimulus is always produced at the 
cathode, or negative pole. If induced curreota are 
a motor nerve, beginning with those of 
very feeble ioteusity, contraction first occurs with the 
induced current established on breaking contact Aa 
the current increases in force, contraction occurs also 
on closing, ao that with each interruption of the cur- 
rent two shocks are experienced, and by degrees, as 
the current is still increased in intensity, the two 
Bhocks tend to become equal in force. 

Necessity for continultr or tlsaae. — In 
order that a nerve should act as a coiuluGtor of 
B impulses it must be in direct continuity %vith 
its centre. If a nerve be divided the centres can 
no longer act upon muscles through it, nor can any 
aensation be conducted by it from the periphery to the 
s centre within a week after division. "Trau- 
matic degeneration " begins in the peripheric 
extremity, the nerve becoming soft-er, its axis cylinder 
and medullary sheath breaking up into a fatty sub- 
stance tiiat appears in the form of drops, and an 
albuminous portion, the former of which, after a time, 
undergoes absorption. In the regeneration of mixed 
nerves the feeling first returns and then the power of 
motiom At the point of section the irritability of the 
nerve is at first increased, and this condition of 
increased irritability then gradually travels down- 
wards from the centre towards the periphery, and is 
succeeded by loaa of irritability. 

Electric currenis in nerve and mnscle. — 
In perfectly iresh nmscle and nerve us they exist in 
the living body it is doubtful whether any electrical 
current exist*, but a few minutes after I'cmoval from 
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or natural longitudinal section of either a nerve or a 
muscle, wliilst the other is applied to the cut Burface 
or artificial tranaverae section of the same, and a 
galvanometer be introduced into the circuit, it can he 
shown that a Btrong current Beta from the longitn- 
diaal to the transverse surface ; the former must 
therefore be positive, as compared with the latter, 
which is negative ; as a consequence there must be 
within the muscle a current in the opposite direction, 
setting, that is, from the transverse section to the 
longitudinal section; and it has been BU^ested that a 
reason for this may be that the cut surface, being 
exposed to the air, oxydisee more rapidly than the 
longitudinal sui'face, which is protected by the sheath 
of the muscle, and being the seat of more active 
chemical changes, is therefore positive to the longi" 
tudinal section. Two points that are equally distant 
from the equator of the longitudinal section of the 
nerve, or from the centre of the transverse section, 
give no cuirent, but if at unequal distances, then the 
most remote is positive as regards the other. The 
electro-motor power of a lai-ge nerve is equal to 0O2 of a 
Daniell's cell, of a large and strong muaele 0'05 to 0-08, 
It increases on moderate elevation of temperature. 

PliyBiologJCHi rtaeoscope. — This is a pre- 
paration of a frog, in which the longitudinal and 
transverse sections of the gastrocnemius are connected 
by any moist conductor ; as soon as the sciatic nerve of 
a frog, which is isolated, but still in connection with 
the lower leg, is placed on this, a contraction of its 
gaatrocnemiuB foUows, and the same occurs when the 
sciatic is raised. 

Negative variatlau or the natural electric 
cnrreiit of muscle. — If a muscle be thrown into 
tetanus, and the electric current be tested, it will be 
found that the natural cunent rapidly diminishes, 
find sinks to zero, or tliat it may lie actually reversed. 
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especially if the primaiy muscle onrrent have been 
strong, and if the muscle contract energetically. 

Bltt«r-¥alii's law— If a nerve he divided, or 
if the centre is destroyed, the nerve, beginning at the 
central end, ia rendered more excitable throughout; 
its excitability then dimioishea till it becomes totally 
extinct In cases of divided nerves the loss of excita- 
bility takes place much more quickly in the part con- 
nected with the centre than in the peripheral fiortion, 

Klectrotonas. — If a constant current be made 
to traverse a portion of the length of either a motor (W 
sensory nerve, not only the part between the poles or 
"intrajiolHr" area, but the reat of the nerve, both, 
above and below, undergoes a change. The curi'ent ia- 
called a polarising current \ the change ia that the 
nerve ia thrown into a condition termed electrotonus. 
The escitability of that portion of the nerve which is 
' situated near the positive pole is lowered, whilst the 
excitability of that portion which is near the negative 
pole ia exalted. This change may be shown by the 
ap))liciition of any stimulus to the part^ in question. 
Thus, if an electric current be used, a weaker current 
is required to produce the same etfect if applied in 
the neighbourhood of the negative as compared with 
that requu'ed near the positive pole. The coaditioiii 
of the nerve on both sides of the positive pole is 
termed anelectro tonus, and on both sides of the 
negative pole, cathelectro tonus. There ia, with 
moderately sti-ong constant currents, a neutral region 
in the intrapolar area at which the excitability of the 
nerve is neither increased nor diminished ; with weak 
currents this indifferent point ia nearer the anode or 
positive pole, with strong nearer the cathode or 
negative pole of the constant current The nerv* 
experiences a stimulus at the moment when a current 
is closed and at the moment when it is opened, thftt. 
is, at the moment when oleotrotonus is eiittihlished}. 
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and when it disaijpears oa closure of tLe current, this 
stimuhia occurs at the cathode alone, or at the moment 
when cathelectrotonus is established ; on opening the 
current the stimulus occurs at the anode alone, or at 
the moment when anetectrotonus is established. Of 
these two stimuli, that caused by the production of 
cathelectrotonus acts more powerfully than that caused 
by the disappearance of anelectrotoniis. The con- 
traction of muscle resulting from closure and opening 
of the current transmitted through a nerve differ 
with the direction and the strength of the current. 
(1) Very weak currents, whether directed upwards or 
downwards, only produce ctmCixtclion on eha^ire of the 
current The disappearance of electrotonus is so ■ 
feehle a stimulus that the nerve scarcely I'eacta. With 
currents of middle strength contraction occurs both 
with the ascending and with the descending current 
on opening and on closure. Very strong descending 
currents cause conti-action only with closure of the 
current The opening current fails because nearly 
the whole intrapolar area is rendered incapable of 
conduction. Very strong ascending currents present 
only contraction on opening, on the same ground. 

Functions of nerves.-_The different nerves 
may be divided into definite groups, which have 
certain features in common, whilst they present minor 
differences. The chief groups are : 

(1) The centrifugaliy conducting nerves, which 
include : 

a. Motor nerves for the striated muscles, 

usually voluntary. 
h. Motor nerves for thd smooth muBcIea, 
usually involuntary. 
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a. Nervea of 

h. Nerves of special aensB. 

c. Nerves ministering to reflex action, 
excito-niotor nerves, 
(3) Intercentral fibres. 

The functions of these nerves are determined by 
the terminal apparatus and special stnicturea ■with 
which they are connected at their extremitiea. The 
effects observed, for example, when a motor nerve is 
lulated, being due to its distribution to muscle 
and connection with a motor nerve cell ; and of % 
e of common sensation, to its distribution to the 
skin at one end, and to a sensory nerve cell at the 
other. The intimate relation between nerve and 
muscle is shown by the fact that cells have been 
found, one part of which is sensory while the other is 
contractile. 

Mode of determininB tbe function of a 
nerve. — If a hitherto undescribed nerve were dis- 
covered in the body, its function would be determined 
by a consideration both of its anatomical origin and 
distribution and of its physiological characters. In 
regard to its anatomical disposition, it would be 
noticed whether it sprang from a tract giving origin 
to other known motor nervea, and from lai'ge ganglion 
cells, and whether it was distributed to muscle, gland, 
skin, or membrane, or whether it simply connected 
different parts of the nervous system together. In 
regard to its physiological characters, it would be sub- 
jected to experiment ; the effects of stimulation at- 
some part of its course would be observed; it 
would be divided, and the effects of division, both, 
immediate and remote, would be noticed; the pen- 
pberic stump would be stimulated with electrioali 
currents, or other stimuli, and the results of 
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irritatioa carefully noted, whether muscle contracted, 
or gland secrete^, or some change occurred in the 
structure or function of the organs to which it 
had been ascertained, by anatomical investigation, 
to be distributed ; and, lastly, the proximal atump 
of the divided nerve would be similarly stimu- 
lated and the effects observed. By the adoption 
of these measures, it has been ascertained that the 
purposes fulfilled by nerves, or their functions, differ 
remarkably. 

Sensory nerves. — These are divided into nerves 
of common sensation and nerves of special sense. The 
nerves of touch, or commoa senantion, issue from the 
spinal cord by the posterior roots of the spinal nerves, 
which, after a short course, have a ganglion upon 
them. Immediately beyond the ganglion the sensory 
roots join with the antevior or motor roots, and the 
ordinary mixed nerves (that is, nerves containing both 
motor and sensory fibres) are formed. If traced into 
the spinal cord, many of the sensory fibres are seen to 
be connected with small ganglion cells in the posterior 
lioms of the grey matter. When traced in a peri- 
pheral direction, the nerves of common sensation are 
found to terminate chiefly in the skin. The evidence 
on which the function of a nerve is determined to be 
sensory is that, if it be divided, stimulation of the 
distal extremity is without effect ; stimulation of the 
proximal end produces pain and reflex movenients. 
The nerves of special sense, including those minis- 
tering to vision, hearing, taste, and touch, will bo 
subsequently considered. 

motor nerves. — ^Motor nerves are those which 
are distributed to muscle, and incite it to contract. 
The motor nerves of the body generally spring from 
the spinal cord or its continuation upwards in the 
medulla oblongata and brain. They issue from the 
spinal cord by the anterior roote, which are connected 
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with large cells in the cord, and terminate i)y piercing, 
the sarcolemma of the muBcle fibres, and becoming; 
continuous with the proper muscular substance. On.' 
section of any motor nerve, the muscles supplied by- 
it cease to be under the influence of tlie will, or 
become paralysed Stimulation of the proximal end 
of the divided nerve is without efiect ; stimulation of 
the distal end causes contraction of the muscle until 
degeneration seta in. 

Recnrrent sensibility. — It Iiaa been said that, 
after division of a motor nerve, stimulation of tha 
proximal portion is without effect ; that is to Bay, 
that it produces neither motion nor pain. But this is 
not strictly correct ; for, if the motor root of one of 
the spinal nerves be divided, and a. stimulus applied 
to the cut extremity of the portion still attached to 
the cord, some pain is felt It ia believed that this is 
due to recurrent fibres of the sensory root, which, 
after having joined the motor root, instead of going as 
usual to the periphery, revert to the spinal cord, and 
enter it by the motor root. It has even been shown 
that the peripheral mixed nerves have some degree of 
recurrent sensibility. Thus, if the median nerve be 
divided, it is found that, after a, few hours, the distal 
stump possesses sensibility. The sensory fibres, there- 
fore, which run in the median nerve cannot all ter- 
minate in the periphery, but some of them must turn 
back and run in a recurrent direction in the ulnar or 
musculo-spiral nerves. 

Secretory aerveii. — This term is applied to 
those nerves which, when stimulated, excite secretion. 
The best-known examples are those of the chorda 
tympani, which, when stimulated, causes a fiow of salivto 
from the submaxillary and sublingual glands ; tha 
nervuB petrosus superficialis minor, which ia a branch' 
of the glossO'pharyngeal, and, after entering the otis' 
ganglion, joins the auriculo-temporal nerve, and ia. 
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Stiibiited to the parotid gland j when stimulated, it 
[Excites tlie parotid to secrete saliva ; the lachrymal 
and Bubcutaneus malm, which, when atimuhitedj 
cause a flow of tears ; the nerves exciting the sweat 
glands to secrete ; and those distributed to the 
mammaiy gland. 

Tropbic nerves. — The belief in the existence of 
trophic nerves, or nerves ministering to the nutrition 
of a part, has been chiefly derived from observation of 
the eflfects of lesion of nerves. Thus, if the fifth 
nerve be divided in the skull, it is found that, after 
six or eight days, inflammation of ihe cornea sets in, 
and the whole eye, becoming gradually involved, ia 
lost; and it is supposed that, the influence of the 
nerves having been removed hy the section, the nutri- 
tion of the tissues is interfered with, and they die. 
But it has been pointed out that another explanation 
may be given of the phenomena, and that whereas 
in healthy conditions the surface of the eye is 
acutely sensitive, and the contact of foreign bodies is 
prevented by movements of the head, closure of the 
lids, and flow of tears ; after section of the fifth nerve 
tho Bensihility is entirely lost, and particles of dust, or- 
ganic ferments, and germs of various kinds, may easily 
adhere to the surface, whilst, no sensation of dryness 
being conducted to the reflex centres of the seventh 
nerve, the lids are not duly closed when required, and 
the cornea desiccates. In proof of this, it is asserted, 
first, that similar changes, though of a less serious 
character because the vaao-motor nerves are not 
implicated, may be observed when, from paralysis of 
the seventh nerve, the lids are kept permanently 
and secondly, that, if the cornea be pre- 
l;»erved from injury by luting a watch-glass over 
W&e eye, the inflammatory symptoms may be pre- 
gnted from occurring, and cur^ if they have com- 
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Inhibitory nerves. — Tliia term Ja applied to 
nerves which arrest or prevent action. The brain . 
eserts an inhibitory power over reflex actions in gene- 
rai. Thus, it is natural to start, or move tlic body or 
• limbs, from any sudden stimulus, as a cut or bum ; 
but the will can overpower this movement, and main- 
tain the limb in position notwithstanding the pain. 
The best examples of inhibition are the action of the 
vagus nerve on the heart and the action of the 
Bplanchuics on the movements of the intestine. When 
the vagus is stimulated, the heart stops in diastole. 
The mode in which inhibitory impulses act is not 
clearly understood ; but it miiy be conceived that 
impulses coming from one ccnti'c counteract or sup- 
I press those -which are about to be liberated from 
I another, just as two beams ol' pulai i^ed light of equal 
[ intenaity, when meeting under ii certain angle, occa- 
sion darkness. 
I Taso-dllalor nerves. — Tlie best examples of 

. these are seen in the nerves UUtributed to glands and 
I to the erectile organs. In the case of the salivary 
I glands, the blood, when the gland is at rest, flows 
[ from an opened vein slowly and with its usual dark 
colour ; but when the nerves containing the vaso- 
\ dilating fibres are stimnlated, the arteries distributed 
I to the gland enlarge, and the resistance to the passage 
I of blood through the gland falls so remarkably that 
I the speed of the venous current is greatly augmented, 
I and presents arterial pulsation, wliiint the colour of 
I the blood is as bright as that contained in tlie arteries. 
I This change in the activity of tliC! circulation is not 
I necessarily accompanied by iitcreaaed secretion. 8imi- 
I lar phenomena may be seen in the ei'ectile organs, bat 
it is not known how the dilatiition is effected. 

Vaso-motor dbres. — These fibres might with 
propriety be termed vaso-con stricter fibi-ea. They 
have for thf'iT function the conlntction of the smaller 
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arteries. The vaso-motor fitirea are chiefly oontained ' 
in the syin]jathetic nervea, and, like the vaso-dilator 
nervea, have been partioulavly studied in the salivary t 
glands and in the vessels of the ear. It has been 
found that when the sympathetic fibres distributed to 
the ear or gland are stimulated the arteries contract, 
the supply of blood ia greatly diminished, the veins 
return hut little blood of & dark colour, and the 
temperature of the part falls ; and in the case of the 
gland the secretion is checked and altered in quality. 
There is little doubt that each gland has its vaso- 
conitrictor and its vasodilator fibres, but it is not 
practicable in most instances to isolate them. 

Bapldlty of conduction in nerves. — The 
rapidity with which nerve impulses are propagated 
through 'motor iMrues is 27? meters, or a little more 
than 30 yards per second in the frog. In man it is 
estimated to be 33 '9 meters, or about 38 yards per 
second. The mode in which this has been determined 
consists, in the case of the frog, in isolating as long a 
portion ns possible of the sciatic nerve, and applying 
a Btiiftnlus first to the end of the nerve most remote 
from the gastrocnemius, and then to the part which is 
nearest to the muscle, and obtaining simultaneous 
tracings with a rapidly- revolving cylinder, or with 
the pendulum myogmph, of the moment when the 
current is applied, and o£ the contraction of the 
muscle. The rapidity with which impressions are 
conducted through ienxory nerves has been given very 
differently by different observers, and even by the 
same observer experimenting on different persons. 
Thus Kohlrauach, from numerous experiments made 
on four persons, found the rapidity of conduction of 
sensory impressions to be 56, 82, 129, and 225 meters 
per second. The mean of all his experiments gave 94 
leters. De Jaager believed it to bo 26 meters. The 
lidity of conduction is retarded ^i-j wii, «(i4.>a^ "iliMa 
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condition of auelectrotonus, and in motoi 
curora It is augmented by warmtb, by 
in the strength of the Htimulns, and by the eatablish- 
nient of cathelectrotonua. In man the contraction of 
the muaeies of the thumb has been used for experi- 
mental purposes, the nerve-stimulua having been 
applied at one time to the median nerve in the 
axilla, and at another to the sume nerve at the wrist. 
When a stimulus is transmitted through a nerve, it is 
found that the part of the norvo through which it is 
made to pass exercises considerable influence on the 
Tapidity of conduction. This was first tthown by 
Mimk, who stimulnted the motor nerve of a frog in 
three places, and found that with equrd length of 
nerve the portion between the middle and lower points 
of Etimidation conducted twice as rapidly as that be 
tween the upper and middle point. 

Conduction In both directions. — It may ba 
taken as certain that when either a nerve of common 
sensation or a motor-nerve is stimulated, the stimulus 
is propagated in both directions ; so that a wave 
travels not only downwards in a motor and upwards 
in a sensory nerve, but upwards in a motor and 
downwards in a sensory nerve. The nerves are, in 
fact, only conductors, and the effect produced when they 
are stimulated depends upon the nature of the orgaji 
with wliich they are connected at their termination. 
Thus, if the hypoglossal and lingualis nerves, where 
tliey are in close contiguity to each other, be divided, 
and the peripheric extremity of the hypoglossuB be 
united by a suture with the central end of the 
lingualis, when union has taken place, contractions of 
the muscles of the tongue can be produced by 
stimulation of the lingualis. The stimulus roust here 
he propagated in the opposite direction to that which 
is natural in the sensory lingual nerve. Similar 
evidence has been obtained by Bert, who implanted 
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end of the tail of a rat into a cut in the skin of the 
;k, and when it had Itecome thoroughly adherent, 
divided the tail at its root. After a time it was 
found that aenROry impressions were propagated along 
the tail in the reverse direction to that ■which they 
pursued previbuBly to the section. The phenomena 
of electrotonuB also show that the nerve is altered 
throughout its whole length hy the appHcation of a 
Btimulua to any part of it. 

Anloniatic TnoTenient8.-^This term is applied 
to raovementa which take plsioe after removal of the 
j'whole of the nervous system, with the exception of 
[ithat part from which the motor nerve Bprings. The 
■best examples of it are the following :— (1) Those of 
the continuance of the respiratory raovemantB after 
the hrain has been gradually removed from above and 
the spinal cord from below, until only a small portion 
ef the medulla oblongata is left, giving origin (o the 
*hrenio and intercostal nerves. It is supposed in 
,thia case that the absence of oxygen, ajid the prea- 
llfflre of carbonic acid gas in excess in the blood 
.lating through the medulla oblongata, stimu- 
late the cells forming the respiratory centre, and 
4ihat these automatically originate the movements 
•observed. 

(2) Those of the heart, in which rhythmical con- 
*teactioi\3 occur after the organ has been entirely re- 
.moved from the body, and therefore when no action 
of the central nervous system can take place. It is 
supposed in this case to be due to the rhythmical 
liberation of impulses from the ganglia situated in the 
heart itself. 

(3) Those of the stomach and inteatinea, where, 
after isolation of a segment of the canal, peristaltic 
movements may still be observed, apparently without 
the application of any stimulus. 

(4)- Those of the bladder and ureters, which move 
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after the whole of tlie neryea distributed to them have 
been divided. 

(5) Those of the iris, which has been seen to con- 
tract and dilate in some animals even after tho 
anterior half of tlie eje has been removed from the 

(6) Those of the arteries and of the lymphatic 
hearts, which have bern observed in some aniniala to 
present contractile movements after destruction of the 
brain and spinal cord. 

(7) Certain secretions, as those of the saliva and 
bDe, which continue to be formed when all the nervea 
supplying the glands have been divided. 

Beflex acts. — This term is applied to movements 
OP secretory processes, which take place in response 
to a stimulus applied to some part of the nervous 
Rystem. The conditions which are requisite are ; — 
(1) A stimulus, (2) afferent or centripetal nerves, 
(3) a nerve centre, (4) efferent or centrifugal nerves, 
(5) muscles or glands. 

(1) The stimulus may be one of the various kinds 
already mentioned, mechanical, chemical, thermic, or 
electric ; or it may be of a special kind, as in the case 
of odorous or luminous stimuli It may be applied 
either to the peripheric extremity of the nerves, which 
are in almost every instance connected with a special 
terminal apparatus, or to the nerves ia some part of 
their course ; the reflex movements are, however, 
much more orderly and purposive, as well as swifter, 
in the former than in tlie lotter case. The stimulus 
may also be applied to one of the special nerves, as 
in the vomiting pioduced by a disagreeable sight or 
smelL 

The distinction between a purely voluntary and a 
reflex act is in geneml sufficiently evident. The act of 
writing is a voluntury one ; the formation of each 
letter is slowly learned, and even in those most 
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accustomed to write the procpsa requires a distinct 
mental effort ; but the act by which foofl ia propelled 
down the cesopbagua is a reflex act, and is performed 
■ quite independently of the will. In many instances 
reflex acts are performed with conaciousQess, in many 
without. The movements o£ the intestinal canal, of 
the gall-bladder, of the arteries, of the ducts of many 
glands are unattended by consciousness, whilst such 
reBex acts as coughing, sneezing, and winking of the 
eyelids are clearly perceived. In some instances, as 
in contraction of the pupil, the stimulus may be 
clearly perceived ; but the contraction of the muscular 
tissue of the iris is wholly without consciousness. 

The Tivacity and energy of reflex acts bears no 
relation to the amount of pain produced. Thus, if 
an eel be decapitated, and the surface of the body be 
lightly touched, strong reflex movements are pro- 
duced ; but if a thermocautery be applied to the skin, 
a severe burn may be inflicted with very slight 
muscular contractions. In man, in the same way, 
tickling will produce more vigorous movements than 
« cut. A stimulus wliioh ia so feeble as not to excite 
a reflex act may by repetition induce it. 

l<awH of reflex action. — Heflex actions are not 
irregular, but respond in a very definite manner to 
particular stimuli, and certain laws have hi^en dis- 
covered to exist, the more impoiiauit of which are the 
following : — 

(1) Law of unilateral action. — If the skin or 
other sensory surface be stimulated, the rouacles of 
the same side or of the immediate vicinity are stimu- 
lated to contract. If the akin of one leg be stimu- 
lated, that leg will be drawn up by its muscles. 
If one conjunctiva be touched, the lids of that side 

(2) Laio of irradiaCion. — If the stimulus be 
Stronger than that i-cquired to produce unilateral action, 
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tite next effect is that the corresponding musclea of the 
opposite side are made to contract. This is sometimes 
called the law of reflex symmetry. If the stimuluB 
ba BtUl stronger, it affects not only the opposite side, 
bnt tliose muscles which are supplied hy nerveS 
arising higher Tip from the spinal cord. 

(3) Law of co-ordination. — This, which might also 
be termed the law of piirposipe adaptation, indicates 
that the movements made in reaponse to a definite 
stimuiua are not irrefj^ular, but are performed with a 
distinct object, and are co-ordinated to that end. 
Thns, if a frog he decapitated, and the body be 
Buspended by the fore-limbs, if the side of the 
abdomen be touched with a feather dipped in acetic 
acid, the leg of that side is raised, and the foot is so 
moved as to brush away the atiniutua ; and if this leg 
be held down, the opp<site foot will he raised, and 
after being made to cross the back will attempt to 
perform the same moyement. 

(4) LoM of proloTtged irribition. — This law shows 
that a powerful stimulus produces a, persistent action 
«n the spiniil cord. Thus, if the head of a frog bo 
violently struck against a hard body, the aniinnl is 
thrown into a tetanic state, and this tetanic condition 
is mHJntained even after decapitation. 

RapldJtf of reflex acts, — The rapidity with 
■which a reflex act is performed has lieen determined 
to vary, according to the intensity of the stimulua, 
between 0'025 and 0'0.5 second. The time occupied 
between contact with the cornea and contraction of 
the orbicularis palpehranim is OflS second. Cold 
lowers the rapidity of reflex acts. Chloroform retards 
them. The administration of strychnia acceleratea 
them. Moderately high temptnature accelerates 

Some reflex acts are of so complex and purposive 
a character as almost to suggest a certain degree 
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of conaciousiipaa in the sjiinal cord, since they take 
place after the brain has been removed ; such are tlie 
crawling movements of a frog when the board on 
which it lies ia tilted, and the fluttering of the winga 
of birds A remarkable experiment is known as 
" Goltz' Quarrreranch," in which a frog, from which 
the brain has been removed, is made to croak by 
stroking the skin of the back. 

FunctionB of tbe cerebral nerves. — The 
cerebral nervea are twelve in number, and their func* 
tions may here be briefly given : — 

(1) TAe clfactovy n«r«e.— The olfactory nerve 
arises from the olfactory bulb, which ia really a pro- 
cess of the brain itself, and whilst small and degenerate 
in man, is large and highly developed in many animals, 
with extensive intracerebral relations. It is distri- 
buted to a definite region of the nose, the epithelium 
of which presents special characters. {Sae Klein's 
"Histology.") Stimulation of this nerve by its proper 
stimuli excites odorous sensations. It reacts but 
slightly, if at all, to mechanical or other stimuli. ItB 
division or noii -development is attended with absence 
of the sense of smell. For the sense of smell to act 
it is necessary that the membrane should be moist, 
and that the stimulus should be in the gaseous state, 
or at least in a state of such flne division aa to bo 
suspended in the air. In consequence of the distribu- 
tion of the fifth nerve t« part of the Schneiderian 
mucous membrane, pain or tingling may be ex- 
perienced with certain odorous substances, such as 
ammonia or carbonic acid gas. 

(2) Ojitic nerve. — The optic nerve and tract con- 
duct visual impreasioDS from the retina to the brain. 
The optic tract arises chiefly from the grey matt«r of 
the optic thalamus, and from the corpora quadrigemina, 
but other fibres may be traced into the medulla oblon- 
gata and spinal cord, and others again radiate towards 
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the apex of the oocipitnl lobe of the cerebnim, wher^ 
according to Rome authors, the psychic centre of th* 
visual sense is located. At the chiasma, a u 
less complete decussation of fibres takes jilac 
Bome ins^nces it is complete, the tracts orosi^ing with:- 
out any interchange of fibres, but in the great majori1?p 
of cases there is a partial decussation, the fibres of th« 
right tract being distributed to the left halves of th« 
two retiniB, and those of the left tract to the two right 
halves. The terminal apparatus of the optic nerve ia 
the eye is the retina. The normal stimulus of the 
optic nerve is light, but luminous sensations can be 
cited by other stimuli, as by pressure, coocusfdon, 
and electricity. Various reflex acts can be induced 
through the optic nerve ; thus light falling on the I 
retina causes contraction of the iris by a reflex infla- J 
ence acting through the third nerve upon tbe sphincters 
pupillfe, whilst the absence.of light acts through the ] 
sympalhetia nerve in inducing dilatation of the pupiL 
Exposure to bright lights, again, causes closure of the 
lids by refiex impidses conveyed through the facial 
nerve \ and, lastly, a fiov of tears may be induced by . 
reflex impulses conducted through the fifth nerve, * 
Section or destruction of the nerve causes complete I 
and permanent blindness I 

Tliird or Oddo-nwtor jterve. — The third nerve arisai I 
in oommon with the fourth from a nucleus situated J 
just below the Aquieduotus Sylvii, which is a continiifc J 
tion of the anterior hom of the grey substance of the 
spinal cord. It is in relation with the nates, and with 
the lenticular nucleus. It is connected in tlie cavern- 
ous sinus with the first branch of tlie fifth nerve, 
and thus obtains fibres ministering to muscular ' 
sensibility, and with the eympathetio nerve which . 
BUpplit's it with vasomotor branches, 
tributed to the muscles rotating the globe of the I 
(-ye, named the rectus superior, roctus intemus, j 
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rectus inferior, and the oblii[iiiis inferior, and also 
to the levator palpebrs aiiperioi'ia. It also supplies 
two muBclea within the eye, the sphincter pupillse and 
the ciliary muscle or tensor choroideai, by means of 
which the accommodation of the eye fov near objects 
is effected. The three centros which uauaily act toge- 
ther, viz,, for accommodation, for contraction of the 
pupil, and for convergence of the eyes, ocoompliahed by 
the recti interni, are situated in that order from before 
backward in the posterior part of the floor of the third 
ventricle. The centre for the reflex contraction of the 
pupil from light falling on the retina ia situated in 
the medulla oblongata. Atropin, daturin, duboisin, 
and other drugs paralyae the intraocular fibres of the 
third Calabar bean, opium, and ethers act as stimuli 
to them. Complete paralysis of the third nerve ia 
followed by (1) drooping of the upper lid, termed ptosis, 
(2) immobihtj of the eye in all directions, {3) eversion 
of the eye or external squint owing to the unantagoniaed 
action of the external rectus, (4) slightly increased 
prominence of the eye owing to the action of the 
obliquus superior, (5) dilatation of the pupil, (6) im- 
mobility of the pupil on exposure of the eye to light, 
and (7) loss of the power of accommodation. 

Fouvlh nerve, or troc/ilmr nerve. — This is the 
smallest of the cerebral nerves, and supplies one 
muscle only, tbe superior obliqne muscle of the eye. 
The fibres of origin spring by an anterior root from 
the trochlear nucleus, which is continuous with the 
anterior horn of the spinal cord, and is situate near 
the valve o£ Vieussens, and by a posterior root con- 
nected with the ganglion of the fifth. Stimulation 
of the nerve causes contraction of the superior oblique 
muacle, and the eye rolls downwards and outwards. 

Fifth nerve, or tiervtia Irigeminii-g.- — This nerve is 

tbe nerve of common sensation for the side of the head 

I and face, and supplies tlio muscles of mastication with 
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motor fibres. It is named the trigeminal from its 
dividing into three large branches just beyond the 
Gasaeriaii ganglion. It arises by two roofs, which 
appear at the side of the pons ; the anterior is the 
smaller, and is a motor nerve ; the posterior ia lai^r, 
and ia sensory. The motor root apricga from a grey 
mass nejir the middle line of the floor of the fourth 
ventricla The sensory root springs from a grey j 
nucleus situated in the pons, and from the grey sub- \ 
stance of the posterior comu of the cervical portion 
of the spinal cord, as far down as the third or fourth 
cervical vertebra. The trophic root springs from a 
greymass at the sideof the Aqiiseductus Sylvii. Other I 
fibres spring from the substantia ferruginosa, from tha ] 
cerebral peduncle, and from the cerebellum. If tha I 
distribution of the nerve be followed in the order of ] 
the three divisions, the functions of the branches ara ] 
as follow : — 

Fwai or ophthalmic branch. 

(1) Recurrent branch supplies sensory branchea 

to the tentorium cerebelU, 

(2) Lachrymal nerve supplies secreto - motory j 

branches to the lachrymal gland, sensory ] 
branches to the conjunctiva, upper lid, i 

(3) Frontal ner^'e supplies sensory branches to 

the brow and upper lid. 

(4) Nasul nerre supplies sensory famnches to 

the conjunctiva, caruncle and lachrymal sao, ■ 
to the tip of the nose and part of the septum, 
and gives off the long or sensory root to the I 
ciliary ganglion. 

Tlie tecond or tuperior mawillaTy nerve. 
(1) Kocun-ent nerve supplies sensory branches to ] 
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(2) Subcutaneous malar auppHes sensory branches 
to the cheek and temple, ajid some secreto- 

motor fibres to the lachiymal gland. 

(3) Superior, poHterior, and middle alveolar 

nerves supply the teeth and upper jaw with 
sensory fibres, 
(i) Infraorbital nervo supplies tlie lower lid, 
cheek, aJa of the nose, &nd upper lip with 
sensory brandies. 

The third or inferior maxillary nerve. 
(1) Recurrent nervo supplies sensory branches to 

the duia mater, 
{2) Pterygoid, temporal, masseteric nerves supply 

motor branches to th.e muscles of mastication. 

(3) Buccinator nerve supplies sensory fibres to the 

buccal mucons membrane. 

(4) Lingualis nerve supplies nerves of special 

sense to the tongue, anterior arches of the 
palate, tonsUs, and fioor of the mouth. It 
contains vasomotor and vasodilator nerves 
for the vessels of the tongue. 
(6) Alveolar nerve supplies sensory fibres t« the 
gums and skin of the chin and lower lip, 
and motor fibres to the mylo-hyoid, anterior 
belly of the digastric, triangularia menti and 
platysma nmscles. 

Four ganglia are connected with the branches of 
the fifth jiair of nerves, the ciliary, sphenopalatine, 
submaxillary, and otic, 

(1) The ciUarr or lachrymai g:Hnglion. — 

This is connected with the ophthalmic division of the 
fifth, lies in tlie orbit, and has three i-oots ; a short 
motor root from the third, a long aengori/ root from 
the nasal norvo, and a st/mpatlietic root from the 
carotid ]>lii\u3, 
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It ^yes off Bensnry filires to the c 
junctiva, the iris, choroid and sclera 

for the vessela of the iria, choroid, and retina ; motor . 
fibres for tlie dilatator of the pujiil ; trophic nerves for 
the eye. 

(2) The Bphcno-palaUne Tensilon is situ- 
ated just below the second division of the fifth, 
where it traverses the Bpheno-maxillary fossa, ifi *' 
receives sengory fibres from the second division of tte 
^th ; Titotor fibi-esfrom the facial, through the nervus 
petrosiiB Buperficialis major ; syjnpathetia fibres from 

» the carotid plexuB, 

It gives off smsory fibres to the interior of the 
noae, hard and soft palate, and tonsils ; -motor fibres to 
the levator palati, and azygos uvulie ; vasomotor fibres 
to the mucous membi-ane of the nose ; Eind probablyl, 
secfrelory fibres to the glands of the Schneiderian 
mucous membrane. 

(3) The oHc ganglion is situated just below 
the foramen ovale on the inner side of the inferior 
maxillary nerve, close to the origin of the internal 
pterygoid branch. It receives motor fibres from 
the third division of the fifth ; vasomolor fibres from 
the sympathetia plexus surrounding the arteria 
meningea media ; and sensory Jibrea from the glosso- 
pharyngeal through the nervus auperficialis minor. 

It gives off Tnotor fibres to the tensor tympani and 
to the tensor palati muscles ; and eecrelomotory fibres 
to the jiarotid gland, which join the auriculo-temporal 

(4) The 8ubinaxilla.ry ganglion, — This is 
situated above the deep portion of the aubmaxillaty 
gland. It receives motor fibres from the chorda 
tympani, and therefore fi-om the facial nerve ; aentiyry 
fibres from the third division of the fifth; vasomotor 
fibres from the sympathetic plexus surrounding tha 
faaial artcyy. It gives olf vaaodilator fibres obtained . 
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from the chorda tympani, causing dilatation of the 
veasels of the ghmd ; aecretotitolor fibres tlirough the 
Kame channel, atimulation of which excites the secre- 
tion of the submaxilhiry gUud, and trophie fibres to 
the same gland. 

The aixUt nerve, or ahducena oculi. — This 
nerve springs from a nucleus continuous with and 
above that of the facial ner\'e, and continuoua also with 
the anterior horn of the grey substance of the spinal 
cord. It is situated at the upper part of the floor of 
the fourth ventricla It appears at the posterior' 
border of the pons. It is a motor nerve and supplies 
one muscle only, the external rectus. It contains 
some vasomotor fibres, and some fibres conferring 
upon it muscular sensibility, which are derived from 
the sympathetic and the fifth, from both of which it 
receives branch^ in the cavernous sinus. 

The geventk •mrve, orpurlio dura. — The portio dura 
ia a motor nerve distributed to the muscles of expres- 
sion and to the salivary glands. It arises from the facial 
nucleus, situated near the upper part of the floor of 
tile fourth ventricle, and from the lenticnlar nucleus 
of the opposite side. It appears at the upper part of 
the medulla oblongata in a triangular space, bounded 
in front by the pons, in front by the olivary and 
liehind by the restiform bodies, and is here divided 
into two parts, the smaller of which is named the 
portio intermedia. This intermediate portion is a 
remnant of a condition present in the lower animals, 
in which the facial and gloaso-iiharyngeal nerve issue 
together as a mixed nerve. The fibres of the portio 
intermedia inay be traced into the gloaso-pharyngeal 
nucleus. It is supposed that they may contribute 
gustatory fibres and vascular nei^es. The portio 
dura is distributed ; (1) By the norvus petroaus super- 
ficialia major to the levator palati and aaygos uvulte, 
haying previously entered the sjihendpalatine g,B.v.^\.(sa. 
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(2) By branchea passing through the otic ganglion to 
the t«nsor palati and teneor tytiipani. (3) It sup- 
plies the stapedius. (4) It gives off Beereto-motor 
fibres and vaso-ditator fibres to the sublingual and sub- 
maxillary glflnds. (5) It contains some gustatory fibres,' 
probably derived from the glosso-pharyngeal nerve at 
its origin, (6) It contains the aweat-gland libres of 
the face. Lastly, it supplies all the muscles of the 
face, thestylo-hyoid,postei-ior bellyof the digastric, and 
the muscles of Uie external ear. Section or lesion of 
'this nerve causes facial paralysis. The lids cannot be 
' closed, the face is without expression on the side of 
the injury, the mouth is diuwn up to the opposite 
side, speech and smell are rendered imperfect, and the 
seci-etion of saKva is diminished. 

The eightli, or auditory nerae, or porlio thoUM 
qf the sevmit/t. — This nerve arises from two' 
nuclei, situated in the floor of the fourth ventricle ; 
some (ibrea spring from the grey substance of th» 
Spinal cord, and some extend into the cerebellum, and 
even into the cerebral peduncle and cerebrum. The 
auditory makes its appearance in close proximity to 
the facial, from which it is separated by the portio 
intermedia. The nerve fulfils two functions ; it is the 
nerve of hearing, or that by which sound undulations 
are conducted from the labyrinth; and secondly, by the 
distribution of some of its fibres to the semicircular 
canals and ampullie, it aids in the preservation of the 
upright and norma! position of the body, or affords the 
information by which the equipoise of the body ia 
maintained. Division of the nei'vo causes permanent 
deafness; stimulation of it, auditoi-y sensations. 
Section of the semicircular can&ls leads to vertigo and 
pendulum-like movement of the head. 

Ninth or gloiso-pharyngeal nerve. — The glosso- 
pharyngeal nerve is partly motor, partly sensory, 
and partly a nerve of special sense. It arises from at 
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nucleus situHted in the lower half of the finor of the 
fourth TentriolBj oonsiating partly of aniall cells, from 
which the sensory and special sense fibres ariae, and 
partly of large cells ; aome fibres also arise from 
the spinal cord. The motor fibres are distributed to 
the stylo-pharyngeus, the middle constrictor of the 
pharynx, and perhaps also to the palato-glossua, 
levator palati, and azygos uvulie, but these branchea 
may be derived from the facial by the communicating 
branch between this nerve and the petrosal ganglion 
of the glossopharyngeal. 

The sensory fibres supply the posterior part of the 
tongue, the anterior surface of the epiglottis, the 
tonsils, the anterior pillars of the fauces, the soft 
palate, ajid part o£ the pharynx. 

The special sense fibres which minister to the 
sense of taste are distributed to the posterior third of 
the tongue, the sides of the soft palate, tmd the pillars 
of the fauces. 

Tenth nerve, vagtts or pneumogasCrie nerve. — 
This nerve has the widest distaibution of any nerve in 
the body. It supplies the larynx and pharynx, the 
heart and lungs, the stomach, intestines, and liver, 
spleen, jKincreas, kidneys, and bladder. It arises from- 
a nucleus in the lower part of the floor of the fourth 
ventricle, and appears at the side of the medulla 
oblongata, in front of the restiform body and just 
below the glosso-pharyngeal nerve. The names, dis- 
tribution, and functions of the chief branches which it 
gives off are : 

(1) The meningeal branch, distributed to the me- 
ningeal artery, and to the occipital and transverse 
sinuses. The fibres are sensory. 

(3) The auricular branch, distributed to the meatus 
auditorium, sensory in function. 

(3) Connecting branches, the function of which 
is unknown, between the ganglion petrosum of tlie 
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glosao- pharyngeal and the ganglion jugulare of the 
vagus. A large communicating branch enters the 
vi^us from the spinal accessory nerve, just below its 
lower or plexiform gangli<Hi Thia contains the 
fibres, which, after coursing in the trunk of the nerve 
for some distance, leave it, to be distributed as motor 
nerves to the muscles of the larynx: and CESophagua,. i 
and as inhibitory nerves to the heart ■ 

(4) The superior laryngeal nerve gives off sensory* 
fibres to the mucous membrane of the laiynx, the ■ 
stimulation of which induces coughing by reBex 
action through a centre situated on each side of 

_ the rapiie, near the sla cinerea, and in addition motor 
fibres to the crico-thyroid. 

The inferior laryngeal nerve supplies motor fibres 
to the trachea and ossophagus, and to the various 
muscles of the larynx. Section or lesion of the superior 
laryngeal nerve is apt to cause death by the entrance 
of food into the air passages, wiiich are no longer pro- 
tected by the natural exquisite sensibility of the laryn- 
geal mncoiis Hiembi-ane. Section or lesion of the 
inferior laryngeal nerve alters the voice, and is apt to 
cause death on slight exertion, owing to the falling 
together of the vocal cords. 

(5) The depressor nerve, given off from the superior 
laryngeal nerve and the trunk of the vagus in the 
rabbi^ and passing into the cardiac plexus. It con- 
ducts impressions centripetally, and lowers the energy 
of the vaso-motor centre, causing the blood pressure 
to sink, and the heart to beat less fretjuently and 
less vigorously. 

(6) The vagus gives off cai-diac branches, some of 
which contain sensory fibres, others inhibitory fibres, 
and some accelerating fibres. 

(7) The puhuonary branches of the vagus are 
partly motor, supplying the muscular fibi-es of the 
bronchi : partly vaso-motor, the fibrtw being derived 
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the syrapntlietio ; and partly sensoty, some of the 
r conduct iinpulsea from the mucous membrajie, 
iphich excite the cough-centre, whilst others excite the 
Tcepiratory centre. 

(8) The branches distributed to tlie (Esophagus, 
Btomach, and intestines are partly motor and partly 
sensory. 

Landois observes that the trunt and branches 
of the vagus contain various centHpeial fibres, which 
act on cei-tain nervous mechanisma. These are : 

(1) Fibres acting on the vaso^molor centre, some 
of which are pressor fibres, chiefly contained in the ■ 
laryngeal nerves, which act in a reflex manner, and 
cause the arteries to contract, the blood pressure 
consequently to rise, and the heart to beat more 
frequently. Others are depressor fibres, which have 
an opposite effect. 

(2) Fibres acting on the rtspiratory centre, some 
of which excite the centres and accelerate the respira- 
tory acts, whibt others, situated in the two laryngeal 
nerves, depress and inhibit them. 

(3) Fibres acting on the cardiac inhibitory centre, 
which run to this centre, and excite it to action. The 
existence of these is shown by stimulation of the proxi- 
mal end of the divided vagus, which arrests the heart 
in diastole. Blows or sudden distension of the stomach 
produce the same efiect 

(4) Fibres acting on the vomiting centre, which 
can be excited by stimulation of the proximal end of 
the divider! vagus. 

(5) Fibres which, when stimulated, induce arrest 
of the pancreatic secretion, and run centripetally, since 
tlii.s also may be induced by stimulation of the proxi- 
mal cut extremity. 

(6) Lastly, fibres may be shown by the same 
ineana to exist, which act in a reflex 
inducing the formation of sugar in the 1\"p 
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Eleaefdh or epinal accessory nerve. — This i 
eprings ty one fasciculua from the accessory nucleus 
of the medulla oblongata, which is in near i-elation 
with the nucleus of the vagus, and by another faaciculus 
from a nucleus which extends down the spinal cord, 
between the anterior and posterior roots of the spinal 
nerves, as far as to the fifth or sixth cervical vertebra. 
This portion, which confers its specific name ou the 
nerve, jonxs the vagus, and contributes to that 
nerve the inhibitory nerve-fibres it gives off to the 
heart, as well as its motor fibres to the larynx. The 
accessory nerve terminates in the stemo-mastoid and 
trapezius muscles, and it also contains some fibres of 
muBcnlar sensibility, derived from the posterior roota 
of the first and second cervical nerves. The evidence 
demonstrating that the spinal accessory nerves con- 
tain cardiac inhibitory fibres is, that if the lower 
roots be divided, the fibres of the vagus going to the 
heart cease to exert an inhibitory action upon that 
organ ; and, further, that these fibres undergo fatty 
degeneration, 

TwelfUi or ki/jjoi/loseal nerve. — This nerve arises 
from two nuclei with large cells, and one nucleus with 
Bmall cells, situated near the point of the calamus 
flcriptorius. Some fibres also proceed from the brain, 
and from the olivary body. The apparent origin ia 
from the side of the medulla oblongata, on a line with 
the anterior roots of the spinal nerves. The hypo- 
glossal nerve is the motor nerve of the tongue, and 
supplies all the muacles by which it ia moved, including 
the genio-hyoid and thyro-hyoid. It contains vaso- 
motor nerveji for the vessels of the tongue, which it 
receives from its connection with the superior cervical 
ganglion. It farther receives branches from the 
ganglion of the trunk of the vagus, and a small branch 
from the lingual of the fifth, by which it acquires 
tbe power of conducting impreasiona of muscular 
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^^H BensiliiUty. From its loops of communication 'with, ths H 
^^F upper cervical nerves branchea are given off to the V 
atei'no-hyoid,^atemo-thjroid, and omo-hyoid. Section 
of the hypoglossal nerves in man abolishes the power 
of movement of the tongue, and therefore interferes 
with mastication, deglutition, and speech. 

The Svmpathbtio Systeu of Kbrvxs. ^| 

This consists of a Beries of ganglia arranged on ^| 
either side of the vertebral column, connected by H 
cords with, each other, and also with the spinal cord, ■ I 
Bad of numerous scattered ganglia, from which ^ 
branchea are given off, chiefly to the organs of 
vegetative life, as to the alimentary canal and its 
appendages, the blood-vessels, and generative system. 
5Tie nerves respund to the same stimuii as those 
belonging to the cerebro-apinal system, 

Cei-vlcal portion of the sympatbetlc. — Thia 
consists of thi-ee well-known ganglia, and their con- 
necting cords, and the influence of this part of the 
Bympathetic has been chiefly ascertained by observing 
the effects of sectioa and of stimulation. The effects of 
section are for the most part attributable to dilatation 
of the smaller arteries, increased blood-pressure, and 
the passage of a freer current of blood through theia. 
Such hyperiemia, for example, affecting the retina 
renders it more sensitive to light; the pupil, there- 
fore, contracts ; the eye in the rabbit is drawn 
inwards ; the lids are partiaUy closed ; the membi-ana 
nictitans is drawn over the eye ; the secretion of tears 
is augmented; the sensibility becomes more acute. The 
temperature is notably heightened ; the secretions of 
cerumen and of sweat are increased ; a galvanic 
current too weak to act on the other aide may 
here produce contractions. When the animal ia 
killed the reflex faculty lasts longer there tbi-Ti sro. '^■a 
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otlier aide; cadaveric rigidity comes Inter and lasts 
longer ; putrefaction supervenes later j lastly, certain 
trophic disturbances occur chiefly in the region of the 
eye. On the other baud, on stiuiulsitiou of the nerve 
the opposite effects are observetl, such as dilatation 
of the pupil, diminialied temperature, and contmc- 
tion of the blood - vessels. There appear then to 
be in this part of the sympathetic pupil- dilating 
fibres, motor fibres for Miiller's smooth musole of the 
orbit, vaso-motor branches, secretory and trophic fibres. 
Besides these, the cervical Bympathetic seems to eon- 
tain branches which join the automatic ganglia. 

Ttaoracic portion of llie sympathetic.— -Tlie 
chief nerves emanating from these ganglia, which are 
about twelve in number, join the solar plexus and 
semilunar ganglia, and contain accelerating fibres for 
the heart, which, when stimulated, act oentvipetiilly on 
the inhibitory cardiac centre in the medulla oblongata ; 
also fibres which excite the vascular nerve centres 
in the medulla oblongata ; and lastly, the splanchnics, 
which act as inhibitoiy nerves on the movements 
of the intestine so long as a normal cuirent of 
Dxydised blood traverses the vessels, but if the 
blood has tiecome venous the movements are in- 
tensified. The splanchnics are also the chief vaso- 
motor nei'vos of the vessels supplying the abdominal 
viscera. When the splanchnics are divided an im- 
mense accumulation of blood takes place in the 
abdominal vessels. The thoracic portion also contain* 
inhibitoiy fibres for the renal secretion ; fibres, stimu- 
lation of which causes sugar to appear in the urine. 

Abdominal and lower parts of the syni- 
patbetlc. — The nerves which are given off from 
the abdominal and lumbar gauglia chiefly enter into 
the plexuses which surround the vessels passing to 
the genitourinary apparatus, and, so far as is known, 
are chiefly vaso niotoi- in function. 
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Ft'scTioss OF THE Spinal Cord. 

Tlie coi'd is a centre for many reflex actions, 
inductor between, tlie brain j ' ' 



r 

^^H tisaues littd organs of t1ie body. In man it is incapable 

^^y of originating impulses, and ix destitute of cai>- 

soiousness, but in many of the lower animals there is 

reason to believe that it participates with the brain in 

these functions. (For details of structure see Klein's 

^^^ " Histology," p. 127, et »eq.) 

^^L The spinal cord gives origin to thirty-one pairs of 

^^H nerves, which ara divided into graups in accordance 
^^H with the part of the cord from which they spring, 
^^H and are named respectively cervical, dorsal, lumbar, 
^^H sacral, and coccygeal. Each nerve springs by two 
^^H roots, an anterior and a posterior. Experiments 
^^P devised by Sii- Charles Bell aud by Mageniiie have 
demonstrated that the posterior roots are sensory 
in function, the anterior ■motor ; and the general 
characters of these nerves have be«n already de- 
scribed (page 223). The evidence on which the 
I function of these roots has been determined is that 
when the posterior root is touched or cut acute pain is 
esperienced, and simultaneous refleic muscular contrac- 
tions occur; the parts supplied by the nerve beyond the 
point of section are deprived of sensation. Stimulation 
of the distal stump when the nerve has been divided 
has no effect ; stimulation of the proximal stump pro- 
duces pain and reflex actions. Fatty degeneration takes 
place throughout the whole of the peiipheric portion. 

When the anterior root ia divided contraction oc- 
curs in the muscles supplied by the nerve owing to the 
mechanical irritation of the knife, pain is experienced 
owing to recurrent sensibility. The muscles supplied 
by it are paralysed. Stimulation of the peripheric 
stump causes muscular conti*action3 in the muscles 
supplied by the nerve, Siimulatlon of the proximal 
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Bxtremity ia without effect. The peripheric porti 
undergoes fatty degeneration quickly, the proximal 
) slowly. The comiaon sensation of the parts 
supplied by the nerve is not interfered ■with. 

Modem i-eaearch has shown that, besides aenaoiy 
and motor nerves, the spinal nerves contain fibres 
whiuh are distributed to die smooth muscular tissue 
of various organs, aa the uterus and urinary 
bladder, and that there are vaso-motor, vaso-dilator, 
secreto-motor,and trophic 

The course of these 
fibres after their entrance 
into the cord ia not very 
accurately known ; but 
there seems to be good 
- reason for believing that 
the cord, besides its appa- 
rent division into grey 
and white substances, 
^'B '*■ may be mapped out into 

"'"iiiiiint'L'" ■ ■■ I ■ ■■■'•■ certain columns formed 

BMiit,'] ''7 ascending or descend- 

Sffiran'''.. ... - . ,. . ing gmups of fibres, 

S?S''co'r'iim]'L=^ii. ,Li^.i»-ri[ir,L.Lij;,iLii. which am represented 

in the accompanying 

woodcut (Fig. 15) made transversely across the spiniJ 

cord at the level of the thii-d dorsal vertebra. 

The iTcy snbstBnce of the rord. — This la 
essentially composed of cells and their processes, and 
although it may be regarded as a series of centres 
■which respond readily to appropriate stimuli, it is 
certain that it is quite unexcitable to direct irritation, 
Buch as cute, punctures, or electric stiraulL The cells 
are roughly divisible into two groups : those situated 
in the anterior comu, which are large, and nppear to 
be oajmble of libenitiug motor impulses; and smaller 
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eells, situated in the posterior, which receive and 
transmit sensory impresaiona. 

The wlilte Bnhstance of ihe cord. — Thi^ 13 
composed of fibres, and surrounds the grey substance. 
It is divisible into several columns or groups of fibres, 
which have received special names, (^es explanation 
of Fig. 15.) 

Course of the Qbres of llic nntLTior aud 
posterior roolB of the spinal nerves. — If the 
anterior roots of the spinal nerves be followed after 
their entrance into the cord, they appear for the most 
part to join the large ganglion cells of the anterior 
comu of the grey substance, of which they form 
the axis-cylinder processes. From the grey fibrous 
plexus which these ganglion cells give off, broader 
fibres take origin. Some of these, constituting the 
median fasciculus, pass through the anterior white 
commissure to the opposite side, and ascend in the 
anterior column of the latter. Others, consti- 
tuting the lateral fasciculus, enter the lateral column 
of the same side, and ascend until they decussate at 
the lower part of the medulla oblongata, forming the 
decussation of the anterior pyi-araids. 

If the posterior roots of the spinal nerves be 
followed, they are found to penetrate the posterior 
comu of the grey substance, and to break up into 
delicate fibrillie, which join and lose themselves in 
the grey fibrous plexus of the cornu, by means of 
which they are brought into relation with the small 
ganglion cells of the posterior cornu. 

The grey fibrous plexus which links together the 
ganglion cells of the anterior am! posterior comu 
gives off fibres which pass to the opposite side of the 
cord before and behind the central canal in the grey 
commissure, and from' this they pass huokwards, part 
ascending in the posterior cornu, and jiait in the pos- 
terior coluiuiis of the coril 
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^^H Of the several gi-oupij of fibres ilifierentiated in 

^H fig. 15, the columns marked a, and g contain all 

^^1 £bFBS emunating fi'om the central convolutions of the 

^^1 cerebral L'oi'tex and conducting voluntaiy intpulses, or 

^^1 impulBes to muscles under the coulrol of the will. 

^^P The decussation of the jiyramids a^t the lower part of 

^^ the medulla oblongata ia formed by tie decussation of 

these fibres, and, before they emerge from the cord hy 

the anterior roots, they enter tlje grey substance of 

tlie cord. 

The column h is composed of fibres connecting the 

cerebellum with the grey Bubstance of the spinal cord, 

h, e, and / aie the columna connecting the reflex 

^^ centimes situated in the grey substance of the cord and 

^^L medulla oblongata, aud they also contain those fibres 

^^M which are continuous with the anterior roots of the 

^H Bpinal nerves, and which subsequently enter the grey 

^^1 substance, c is a column com)>o3ed of fibres con- 

^H . necting the posterior roots with the grey nuclei of the 

^^M funiculi graciles of the medulla oblongata ; d is com- 

^^r posed of fibres connecting the posterior roots and 

the grey substance of tlie cord and medulla oblongata 

(Landoia). 

Course pursued by eciisury inipressions 
andmolor iiapnlses ibrong'b llie cord. — Tactile 
sensations, such as those of temperature, pressure, and 
muscular sensibility, travel through the posterior roots 
of the s|)inal nerves into the posterior cornu, and up- 
wards along the lateral column of the same side; 
painful impressions enter through the posterior roots, 
and travel upwards through the grey stibstaoce gene- 
rally. Motor impulses travel in the upper |ait of the 
cord along the anterior and lateral coIumniS, in the 
lower jjart along the lateral columns alone. Reflex 
centres are probably connected by fibres ruuuiug in the 
white anterior and posterior columns. Inhibitory fibres 
ffonh-oUiiifi reflps auts truvel iji the unteiior columns. 
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Tlie vtiBO-motor nerves iim in the lateral columcs, and 
issue with, the antpvior roots of the spinal nerve. 

The ccnti'es existing' in the spinal cord. — 

Certain acts ret^uiie fur tlieir dne performance the 
co-ordination of many luusclua. If these do not con- 
tract ia a regular and oi'derly majmer, the act is 
imperfectly performed. The segment of tlie nervous 
system whiuh governs and regulates the movements ia 
termed a reflex centre. Proceediag from below up- 
wards, the following centres have been demonstrated 
in the cord ; 
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1- Thfi ano-Apiaal Cffntre^ or C4.'nLr3 controlling the act 0: 

defiecalion. 
Z. The resica-Epinal centre, regulating □ii{ituriticin. 



3. The en-ctiun uoatre, 

4. The ejaculation centre, j 
6. The parturition oentre. 
6. The voao-malor centre. 
T. The vaao'diklor centre. 

8. The sweat centre. 

9. The cilio- epinsi centre. 
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The first five centres are situated in the luinl 
region; the sixth, seventh, and eighth extend through 
a laige portion of the cord ; and the last occupies the 
lower part of the cervicaJ and upper part of the dorsal 
region. 

The Ainctions of tbc mcdnlln oblongata. 
—The medulla oblongata may be i-egarded as a collec- 
tion of reflex centres, tiuversed by fasciculi of white 
fibi-ea in all directions. {See Klein's " Histology," p. 
143.) It is inferior to the brain proper in posaeasing 
no power of initiating movement, apart from lie cardiac 
and respiratory reflex movements, the mechanism of 
which is contained in this jiart of the nervous 
system. Even in the frog, if time be given for the 
prostration caused by the removal of the brain to pass 
away, no movements arc observed, except as the result 
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of the application of some exterisal stinnilus. The 
body aSBumes the position it takes up naturally when 
the animal is at rest, and if carefully protected from 
external stimuli remains immovable ; buc if stimnli 
be applied, the reliex movementa induced are es- 
traordinarilj complicated, and cloaely aimulate thoae 
of the wUl. If laid npoD its back it endeavours, 
tliough generally unsuccessfully, to turn on its belly. 
If placed in water, it swims, and cornea to the sm-foce 
to breathe. If the water be gradually warmed, it 
makes effoi'ts to escape. In the higher animals, 
sections made through the pons, or junction of the 
pons with the medulla oblongata, are attended with 
BO much prostration from pain and bleeding that the 
results ai'e not very trnatworthy ; but movementa 
of various kinds not involving change of place, and 
cries in response to strong stimulation of seusoi-y 
nei'ves, have been observed. The animals are of 
coui'se rendered blind, and deprived of the power of 
smell, but hearing is to some ex.tent retained. 

Centres In the medulla oblongata. — These 
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7. Centre fur .lilfi-"] 

tationofpnpii, Senaory filire«. Oiitio, fiftli. 

and for amooth VMotor fibrtu. From tlie spinal cord whiolj 
muBcle of or- firat enter tlie sympa- 

bit. J thetio necve. 

8. fioiiriratory 1 Sensory fibres. Vagus, sympBtbetio. 
centra. i Motor fibres. Phrenice, spinal nerves. 

9. Centru for inhibition of cBidiacmoYementa. (Tliis has 

already been considered, iiago 226). 
10. Cantre for accelerating cardiac movementi. 
IL Vttso-motoc oectre. 
12, Vaso-iiilator centre. 

The ruiictionB of the: basnl gnnglin.— 

Several ganglionic masaea are situated at the liase of 
the brain, which, both, in their mode of development 
and in their anatomical and physiological characters, 
may be regarded as a continuation of the spinal cord 
and medidla oblongata. These are the grey substance 
of the pons ; the corpora quadrigemina ; the grey sub- 
stance of the cerebral peduncles, the optic thaiami; 
and tho corpora striata. The functions of these parts 
are very imperfectly known, for, lying deeply, great 
damage to other part^ anA. prostration occurs ia 
animals subject to direct experiment upon them, 
rendering tho obseryations made upon them very 
nntnist worthy ; whilst as they occupy an intermediate 
position between the cerebral hemispheres and the 
spinal cord, and many of the fibres connecting theae 
parts pass through them, it is difficult to distinguish, 
in experiments what effects are attributable to the in- 
jury inflicted on the special centre under examination, 
and what to the Jesion of the connecting fibre. Some 
pointfl may, however, be i-egarded as determined, 
partly from the results of experiments, partly fi'om a 
consideration of their histological characters and 
anatoniical connection, and partly on pathological 
gromids, that ia, from observation of the symptoms 
of disease limited to these structures. Still more 
would probably be gained if we possessed ajswiaiR. 
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knowledge of their ontological development, and ol 
their compaiative anatomy. 

Functions of the pons. — The Etructure of the 
pons shows that it is composed of masses of grey sub- 
Btance traversed both longitudinally and tran aversely by 
white fibres. The superficial portion is chiefly composed 
of transverse fibres acting as a commissure between the 
hemispheres of the cerebellum, whilst the deeper parts 
present longitudinal fibres that are partly continuouB 
with the motor, partly with the sensory fibres of the 
spinal cord. Stimulation of the pons produces, there- 
fore, pain and convulsionSj whilst section occasions 
paralysis of sensory motor and vaso-motor nerves, ad 
well as compulsory movements. Complete section, at 
course, abolishes all influence of the higher centres on 
the body. There is good i-eason, therefore, for be- 
lieving that it is a centra for the co-ordination of 
movement. 

Functions of the coiiiorn qnn.drig'eEnJnB. 
— The larger portion of the fibres of the optic tract 
penetrate the corpora quadrigeraina of their own side ; 
anil experiment shows that if these bodies lire ds- 
stroyed on either aide, blindness of the opposite eys 
results. If both are destroyed, the biindneas is com- 
plete. The co-ordination of movements, which under 
all ordinary conditions is so closely connected with 
visual sensations, is interfered with, and animals find 
a difficulty in preserving their balance. Electrical 
Btimulation causes dilatation of the pupil, hut the eye 
affected is not constant. Stimulation of the right 
anterior corpus quadrigemina causes lioth eyes to turn 
to the left, and viee versa; and if the stimulation he 
continued, the head also turns in the same direction.. 
Other phenomena that have been observed are increase 
of blood pressure, rctiirdntion of the pulse, and deepo* 
' inspiration and expiration. 

Functions of the cerebral peduncles.— 
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The Sasal Ga^Sl, 

cerebral peduncles, like the ^lons, eoutain giay 
mibstance and longitudinal ly-sorangod fibi-es, which are 
divisible into two groups, an anterior or inferior one, 
the crusta; and a superior one, the tegmentum. Little 
more can be said of them with certainty than that 
they are co-ordinating centres. 

Fanvttons of the corpora striata. — These 
bodies contain two masses of grey auhstance ; one, 
the nucleua caudattis, intraventricular nucleus, or 
corpus striatum proper, is the larger ; the other, or 
lenticular nucleus, ia the smaller of the two. The 
functions, though certainly distinct, have not been 
differentiated. Electrical stimulation of the caudate 
nucleus produces, according to Ferrier, pleurostho- 
tonos or latenil flexion oi the body ; whilst Nothnagel 
finds that destniotion of the inner part near the 
ventricle, by means of a needle, or by the injection of 
a drop of chromic acid through a. fine syringe on 
one side in rabbits, causes them, aftor a, short in- 
terval, to execute violent runnmg or leaping move- 
Kient«, or the " mouvements de marifege," that is to say, 
nts," the animal running round and 
round continuously in one direction, till it falls ex- 
hausted. He has hence termed it the " nodus cur- 
sorius." If the whole nucleus caudatus is destroyed, 
however, tliese effects are not obsei-ved. Similar 
experiments made upon the lenticular nucleus were 
always followed by motor paralysin. 

Functions of tbe optic liiaiami. — These 
seem to be centi'es towards whicli many sensory 
fibres converge, for not only have they large con- 
nections with the optic tracts, but the greater part of 
the tegmentum of the cerebral peduncles, which 
appears to be in gi-eat measure a continuation of the 
sensory columns of the cord, enter them. Direct 
jrtimulation of them in animals by means of electricity 
'lias not been found to produce en'^ Toji^evk-ictAa- 
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Lesion of them, wliicli is uot iiiifieiiaeuLlj olinorved 
in nian as the result of haemorrhage, produces atites- 
thesia, or Joss of sensation, of the opposite aide 
of the body ; and if it be localised in the posterior 
third of the thalamus, visual disturbances have 
been, as might lie expected, observed. It is par- 
ticularly worthy of notice that various actions 
ordinanly regarded as voluntary may be performed 
by an animal from which the cerebral hemispheres 
have been removed. Thus, Longet found, that in a 
pigeon in which this operation had been performed the 
animal gave many indications of consciouanesa of 
light; for not only did the pupU contract, but the 
lids closed wL.en a strong light was suddenly made 
to fall upon the eye, the animal having been pre- 
viously kept in ilartness ; and when a lighted candle 
was made to move in a circle before it, the animal 
esBcuted a corresponding movement with its head. 

The general result of the observations made on 
the nuclei of the corpora striata and optic thalami ia 
to favour the supposition that, like the anterior and 
posterior cornua of the grey substance of the spinal 
cord, tliey are respectively connected with the motor 
and sensory operations ; and that whilst on the one 
hand they may act as independent centres of reflex 
action, and in this relation may be the centres for 
various automatic and instinctive movements which 
are commonly prompted and guided by sensations, 
they may also be eul^ervient to the operation of the 
hemispheres, with the increase and development of 
which they, jtari passu, augment. 

Gotnpulsory movements. — The two halves of 
the brain, basal ganglia and medulla oblongata, act 
together, under ordinary circumstances, in preserving 
a certain equipoise and harmony between the opposite 
aides of the body, which ia rendered evident by the 
effects ot Jesions involving one half of these parts. 
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Unilateral aeotiona cause in many instances move- 
ments which are not under the control of the will of 
the animal, and seem to be the consequence of an 
irreeistible impulse. In some cases the animal is 
compelled to run in a circle, in others to whirl round 
and round, in others to roll over and over, These move- 
ments sometimes lake place towards, sometimes away 
from, the side on which the injury has been inflicted. 
Functions of the cerebellum, — The size and 
complexity of the cerebellum increase with the 
number and variety of the movements that each 
animal is capable of executing, attaining its maximum 
size in man, by whom the most elaborately complex 
actions are capable of being performed. If the cere- 
bellum be cut away by successive slices, the animal 
soon becomes sullen and its movements irregular, and 
by the time tlie whole of the or^au is removed, all 
power of springing, flying, walking, standing, or pre- 
serving the balance (that is, of performing any com- 
bined muscular movements which are not of a simply 
reflex cliaracter) is lost. On the other hand, neither 
the will nor the consciousness seems to be affected. 
Many pathological cases of cerebellar disease have 
been recorded in man, the distinguishing charftctera 
of which have been staggering gait, convulsions, and 
tendency to fall, or loss of balance. From these 
various circumstances the conclusion is drawn that 
the cerebellum is the eaamUial organ for t/te co-ordina- 
tion, of mtucular movements. Anatomical evidence is 
in favour of this view, for the cerebellum is directly 
connected with all the columns of the spinal cord, as 
well as with the basal ganglia and the hemispheres of 
the cerebrum. The cerebellum is insensitive to direct 
initation. Some of the moat remarkable examples of 
compulsory movements are observable on unilateral 
section of the cerebellar peduncles. In some cases the 
animal has been seen to roll over for many days 
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^^m together at the rat« of sixty tiines in a second. An 
^^^ obscure relation exists between the cerebellum and 
^^1 the sexual fuuctiona. 

^^B It is reasonable to suppose that in the performance 

^^V of various actions an impulse \r propagated from a 

^V few, or even from one ganglion cell of the cortex of 

^^ the cerebral hemispheres, which communicates directly 

with a centi-e composed of many cells capable of 

bringing into simultaneous action numerous muscles. 

Functions ofthe cerebrum. — The hemispheres 

tof the cerebrum are the aeat of all psychical proceasea, 
that is to say, they contain the higher centres which 
minister to thought and volition. They are the 
centres of memory. In them are performed all 
opei'ations of reason and judgment, and they initiate 
the voluntary impulses which consist in the intelligent 
adaptation of means to ends. UsQally acting coinci- 
dentally, they are probably capable by practice of 
being brought into separate action. Their removal 
appears to plunge the animal into a deep sleep, from 
which no iiTitation ever seems able to rouse them into 
full aativity, although they give manifestations of 
ooiisciousoess. It is worthy of observation, hovrever, 
that lai^e portions of the brain may be destroyed by 
disease, or removed in consequence of accidents, with- 
out very material impairment of function, so that it is 
possible that a process of substitution may take place. 

Two opinions are entertained in regard to the 
action of the brain. Both agree in considering that 
the brain is the instrument of all the higher intelleO' 
tual or psychical fonctions. From the one point of 

w, however, it is maintained that the nerve coUa 
are accumulated in certain regions to form centres, the 
definition of which is, indeed, obscured by the com- 
plexity of the conimuuications intervening between 
themselves a:i<l between the centres situated on lower 
planes, as those of the hosal cerebral ganglia and tha 
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ganglia of the medulla obbiifjata and spinal eord, but 
which act like other centimes in a reflex manner to 
stimuli that afiect them from without or &oni within. 
!From the other point of view it is considered that 
although the brain is physically a part of the nervous 
system, it is to bo regarded as the organ through which 
die luind of man operates, as having altogether 
superior functions to any other part of the nei-voua 
^stem, operatjjig as a whole, directing, controlling, 
and otherwiae influencing the lower centres. It is 
regarded as the organ of the will, which acts iu a mode 
that is incomprehensible indeed, but which is evident 
flnotigh, through the cerebral cells. 

I^e difference of opinion iu regard to the mode of 
action of the brain between physiologists is analo- 
gous to that which exists between matetialiats and 
spiritualists. 

To illustrate the views by an example. A man 
voluntarily thrusts forth his arm, or he determines to 
think of some object, as a horse ; and says, See ; I 
"believe in the independence of the will. I choose to 
flirust forth my arm, and I do so ; I choose to direct 
my thoughts to a horse, and I do so. The spiritualist 
contends that herein ia the evidence of a something 
separate from the body, the mind, which has called into 
play the centres which are capable of eicituig the con- 
traction of the extensor muscles of the arm, or those 
irhich, when collectively excited, make up our idea of 
a horse. He maintains there need be no antecedent 
stimulus, hut that the mind has originated within itself 
the necessary conditions for the acts in question. 

The materialist, on the other hand, sees in such 
operations nothing more than reflex acts, though of a 
somewhat higher or complex nature than those 
ordinarily performed by the spinal cord or medulla 
oblongata. The man, he luaintaina, does not tliniat 
forth his arm, or think of a given aniraal, until other 
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groups of oella have been excited or aroused, either hy 
the mere stimulus of discuitsioa or by the sequence of 
a train of ideas, each of which is immediately related 
to that which has preceded it. From this jioint of 
view there is no such thing as free will. The acts 
and thoughts of a man are tlie results partly of original 
and hereditary eoulirmation, partly of the direction of 
hie own occupation and pursuits ; and were it possible 
for ua to know the whole antecedents of the individual, 
it woidd he possible to predict what hia conduct 
would be on any given crisis. 

The oonsidei-ation of these questions is not, how- 
ever, adapted for an elementary book, and must bs 
looked for in larger treatises. 

It was long considered that it was impossible to 
excite the brain to the manifestation of its powers by 
direct stimulation of any kind. But the experiments 
of Hitzig and Perrier have shown that this conclusion 
was the result of imperfect observation, and that the 
application of electric currents to different parts of the 
cerebral surface ia followed by movements of very 
various kinds, and by evidences of sensation, whilst 
the destniction of these regions occasion loss of 
sensation in the one case, and loss of voluntary conti'ol 
over the muscles that reapond to the stimulation in 
JAe other. In Fenier's experiments the electric 
stimulus employed was that derived from a singla 
Daniell's cell, which is strong enough to he just bonie 
when applied to the tongue. The application of the i 
electrodes produces very decided movements ; and if 
they are shifted over a sulcus to a dillbreut convolution, 
a different set of muscles is immediately called into -j 
action. The following regions have been mapped out 
by Ferrierin the brain of amonkey ; (Figs. 16andl7) 
Stimulation of i produces movement of the hind limb 
as in walking; 2, complex movements of the hind 1e^ \ 
especial\y adduction of the foot to the middle line ; 
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3, movements of hind foot and tail ; 4, action of latia- 
BUnus dorsi ; 5, ejitenaioti forward of the arm ; a,b,c,d, 
succeasive movements of the hand and wrist, termi- 
nating in closure of £at ; 6, action of the biceps ; sujii- 
nation and flexion of the fore-arm ; 7, action of the 
Kygomatici ; 8, conjoint action of the elevators of the 
upper, and depressors of the lower, lip ; 9, opening of 
the mouth and protrusion of the tongue; 10, retraction 
of tongue; II, action of plutyama; 12, elevation of 
the eyebrows and eyelids, dilatation of the pupils, and 
rotation of the head to the opposite side; 13, eyes 
directed to the opposite side, and either upwards or 
downwards, with, usually, contraction of the pupils; 
14, retraction of the opposite ear, head turning to the 
opposite aide, the eyes widely opened, and the pupils 
dilated ; 1 5 (not shown in figures, but corresponding 
to tip of uncinate gyrus), torsion of the Lp and nosti-U 
of the same side. The antero-fi-ontal and occip' 
regions give uo result on stimulation, nor does the 
island of Eeil react. Upon the whole, it would apjiear 
that the centres of motion for the anterior and pos- 
terior limbs are situated in the convolution immediately 
Bunxmnding the frontal fissure, which runs transversely 
to the longitudinal fissure. 

Ferrier believes he has been able to localise certain 
regions of special sense ; viz., 1. TitB psydio-opCie eeiiCrt, 
Blvndnegs results from destmotion of the angular gyiija 
(Ferrier), or the occipital lobes (Munk) ; but this is only 
temporary if the other angular gyrus la uninjured ; 
both are destroyed, the blindness ia complete and 
permanent. 2. The pBi/eho-acoitsiic centre. Dea/neii. 
results from destruction of the superior temporo- 
sphenoidal convolutions. 3. Loss qf tactile sensiAilili/ 
results from destruction of the hippocampus major and • 
hippocampol convolutions. 4. Zom o/'jmie/I results from 
destruction of the subiculum comu ammonis, or tip of 
££0 If c^inate convolution. 5. jCoMq/'bute results &om 
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destruction of the lower ipart of the temporo-Bplietioidal 

The speech centre. — One of the best defined 
regions, and thiit onfi which has been longest known, 
is the region throngh wliich speech is effected. It is 
the third left frontal convolntion, which is in part 
continnous with the island of Reil. In rare instances 
lesions have been observed in the light thii-d frontal 
convolution, which have led to loss of speecL Most 
men, therefore, are left-brained speakers, just as most 
men are right-handed, which is also associated with 
special development of the left brain. In the oases 
where lesion of the right third irontaJ convolution has 
caused loss of speech the individuals have also been 
left-handed. 

The duration of psycIiicBl processen. — It 
has been ascertained that a visual impression induced 
by a constant stimulus is not constant in intensity, 
but increases from zero till it reaches a maximum, and 
then gradually diminishea The same holds in regard 
to the ears, except that it is I^■^t known whether after a 
certain time the sensation diminishes in intensity ; and 
it is observed also in the perception of gustatory and 
olfactory senaations. In the latter cases the process 
is BO alow that it becomes highly pi-obable that it is to 
be referred to conditions of the terminal apparatus, 
rather than to peculiarities of the cerebral nert^iia 
organs. It is known that for a visual stimulus to give 
a continuous impression there must be more than 
twenty-four impulses in the second ; yet if the optic 
nerve be directly stimulated by means of sixty shocks of 
electricity per second, the impression is by no means 
continuous, though the latter stimulus may be less in- 
tense than the first Hence, again, it may Le deduced 
that the tardy course of visual sensations is due to the 
slow process of eKcitation of the retina, and not to 
slowness of perception on the pB.rt of ttva^reiMv, "Vs. 
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is to the different rapidity with which the terminal 
organs respond to impressions, though partly also to 
the different speed of conduction in tlie nerves, that 
the difference in fixing the exact time of the occurrence 
of any phenomenon is due. That such difference 
exists has long been knovm to astronomere, by whoni 
'i recognised, and allowed for under the name of 
personal equation. In astronomical obseryations it is 
of great importance to fix the precise moment when, 
for example, the transit of a star takea place acrosH 
the hair line of a telescope, and this is done by com- 
paring what is seen with what is heard, as the click 
of a clock ; or by pressing the knob of an electric 
apparatus at the moment of observation of the 
transit ; but if one observer fixes the moment of transit 
s occurring at seven o'clock, another observer may 
lake it one half second or even a whole second later. In 
this case the time es given by the last observer must have 
& certain deduction made, when compared with the 
first, in order that correct results should be obtained. 

RHpidity- of perception. The smallest 
djflercnce.— How quickly can two sensory impres- 
sions follow each other, and the succession in point of 
time be correctly stated 1 The answer to this question 
^vea the smallest difference. In the case of the 
visual sense, where the same part of the retina ia 
stimulated, this has been determined by rotating a 
disk with black and white sectors before the eye, and 

Iit has been found, that with ordmary daylight the 
retina must be stimulated about twenty-four times in 
the second, before it assumes a uniform grey aspect, 
tliftt is, for the smallest diffei-ence to be surpassed. In 
this way a smallest difference of ^th second is obttuned. 
It is not necessary, however, that the white sectora 
nhould be of the same size as the black, in order that 
with twenty-four stimuli in the second a uniform grey 
tboald appear; which shows t;hat it is the altematioa 
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and not tlie duration of eacli impression which, is 
of importanca When different parts of the retina 
are atiected, as when a point ia watched where two 
electric sparks can be made to appear quickly, one after 
the other, the images of which upon the retina are not 
separated by a greater interval than O'Oll mm., and 
■which, therefore, both fall on the yellow spot, it can be 
determined which spark first appears, when the inter- 
vening period ia not more than 0-044 sec. In the case 
of the ear, when the sound attended to is that caused 
by two electrical sparks quickly succeeding each other, 
it can be perceived that there are two, and that one 
is earlier flian the other, when it precedes it by no 
more than 0-002 aec. It ia remarkable that the 
minimum difference for one ear when both sounds 
affect it, ia smaller than when one sound affecta one 
ear, and the other the other ear; as is shown by the 
fact that a slight inequEility of beat can be distinctly 
perceived when two watches are held before the same 
ear, which is imperceptible when one watch is held 
before one ear, and the other before the opposite one. 
In regard to tactile impressions, great differences 
appear to exist in regard to the shortness of the 
interval between a series of tactile impressions, in 
order that they should no longer be perceived to 
be discontinuous but fused into one. Preyer stands 
alone in stating, that from twenty-eight to thirty- 
eight Iwats per second give a continuous sensation, 
Valentin gives the limits as varying from 480 to 640, 
and V. Wittich places it at about 1000. 

Recognition orsimullaneons impressions 
on eye and car. — If an electric spark be made to 
appear, and simidtaneously a beil be struct, the 
coincidence of the two in point of time is not easily 
or certainly recognised ; and if it is unknown whether 
iy are precisely simultaneous or not, the subject of 
experiment will often rightly stata ttc*! ^Jns.-^ ^ix*i 



aiuTiltanenuii, but often also that the Bound precedea 
the spark ; he wiJl rarely state that the spark pre- 
cedes the Bouiid. In a large Eeries of experiments, 
in which a judgment has to be fonned between the 
precedeuoe of a eight or sound, it has been found tha* 
the perception of sound is a trifle earlier than that erf 
light The ear is quicker than the eye. 

Beactjon tiine. — By this is meant the tintci' < 
between the application of a stimulus to some sensory 
nerve, and the time when a signal is made to indicat» 
that it has been perceived. This experiment may be 
conducted in a variety of ways. By Helmholtz and i 
others it baa been done by applying a atiniulua 
one hand, and signalling with the other; and th»i 
results of observations made by different experi' 
menters have given very different results. One ob-v 
server, for example, found it to be 0'1087 seo., and'' 
another 01911, or nearly twice as long. But tit»- 
; experiment may also be conducted by stimulating, 
other sensory nerves, as the eye and ear, whilst stUl' 
making the hand signal. The sudden appearance of W' 
light required a period of 0'1139 sec to be signalled,'' 
and the occurrence of a sudden sound 0'1360 sea, by' 
the same obsei'ver. 

Instead of the hand, the lower jaw and foot have* 
been made to signal The reaction time from the eye', 
stimulated by an electric spark to the lower jaw^ 
is 0'I3T7 sec, and from eye to foot, 0-1840 sec. 

Persoiiidity has much to do with the rapid 
of propagation of nervouH impulses. Thus, an intel-i 
ligent young man, much interested in this questiot 
was compared with an old man of seventy-aevenr 
from the Union, and it was found that, whQst the.' 
reaction time from hand to hand for the youth 1 
was 0'3311 sea, for the old man it was 0'9953 
sec But practice can be shown to be of importanca, 
ybr experiments continued for more than half a jvaX 
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f Vith the same old man showed extraordinary im- 
provement, since in June his reaction-tinie was 
aa above, but with ten. days' practice it had fallen 
to 0-3o76 sec, and in Jajiuary of the following 
year it was only 0'1866 sec Exhaustion of the 
attention, prolongs the reaction time. Intensity of 
stimulus abbi-eviatea it. The processes that are in- 
cluded in the reaction time are numeiBus. They are t 
1. The conduction of the stimulus or sensory impulse 
through the uerve and the spinal cord, to the central 
organ ; 2. Conversion of the sensory impi-ession into 
a motor impulse ; 3. Centrifugal conduction of the 
motor impulse through the spinal cord and motor 
nerve ; i. Liberation of the muscular movement. If, 
in addition to the mere reaction- time, a judgment 
has to be formed (that is to say, that one of two 
ooloura is presented to the eye, or two sounds to the 
ear, and a signal corresponding to each has to he 
touched), it is found that a period of 0-036 sec. has 
to be added to the reaction period. 

Sleep. — Sleep consists in the more or less com- 
plete suspension of the psychical operations, whilst 
the purely vegetative processes are continued, though 
usually with diminished energy. The heart, for 
example, beats less frequently, the respirations are 
slower, and the digestive operations are less active. 
The cause of sleep is unknown. It is probably 
primarily associated with the great cosmical alterna- 
tion of day and night, and with the diminished mole- 
cular activity that takes place in the cerebral cells 
during the hours of darkness. It may also, as Dr. 
Capper believes, be in part attributable to altered 
conditions of the cerebral circulation, and perhaps also 
to diurnal variations in the amount of oxygen absorbed. 
Its duration varies greatly with age. The infant and 

Hfdd person sleep half their time away, whilst in mid 
especially when mental strain is ex^'itia'aRe.*. ^^^ 
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■work has to be done, fiye or six hours are all that 
ja needed. The conditions most fiivourahle for sleep 
Bre moderate fatigue both of mind and body, recent 
but moderate supply of food, quietude or monotonous 
sound, absence of anxiety, and habit. It has been 
observed in some pathologi::al cases in whiah several 
of the senses have been abolished (as those of 
touch, sight, smell, and taste, whilst hearing has 
been retained) that the suppression of this remaining 
sense rapidly induces sleep. In many persons sleep 
is very profound, and some time e]a[«es on being 
awakened before they can gather their senses together; 
■whilst others sleep ■with their faculties about them, or 
at least ■within ready call, so that the slightest noise or 
touch awalces them. Such persons are often capable of 
fixing very accui'ately the time when they Bhall awake. 
Guiding ecDsations. — In order that the will 
should call a definite gi'oup of muscles into play, it 
must be cognisant of the position of the parts about 
to be moved, and of the state of the muscles it ia 
about to cause to contract. This knowledge is 
afforded by guiding sensations, the existence of which 
in health has been deduced rather from the observa* 
tion of the phenomena of disease than by direct 
evidence under normal conditions, for it is found that 
if the sensibility of any part be lost, or if the folding 
sensations derived from the visual and aural senses 
be suddenly removed, great difficulty is experienc«d 
in tlie performance of movements that seem, vmder 
ordinary conditions, to be executed quite uncon- 
Hciously. Many examples of this might be cited, but 
amongst others may be mentioned that in certaia 
conditions of ataxia, though there may be no loss of 
power in the muscles of the limb, the patient walks 
with difficulty, unsteadily, and with totteiing gait> 

equence of the loss of tactile sens 

e does not exactly recognise 
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position, and is therefore unEible to plant them 
'^ffoperly. In like manner, a woman ia unable for 
any length of time to hold her child in her arms, but 
the sense of position of the brachial muactes being 
lost, they nnoonaeiouBly yield to gi-avity, and fall. 
The guiding sensations derived from the eye are those 
upon which we chiefly depend in our ordinary life ; 
and every one roust have experienced the sense of 
insecurity, and the difficulty of pursuing a straight 
course, when the eyes are blindfolded. It is inter- 
Mting to observe, moreover, that guiding sensationa 
derived from one sense may supply the loss of those 
from another, for in such cases of ataxia E 
above mentioned, the deficier . r of the muscular aense 
may be made good by the visual, standing and walking, 
or the preservation of the child, being accompli shed, 
provided the patient looks at the limba. A 
vertigo or insecurity may, in a similar ras 
produced by the supervention of sudden deafness. 
The precise adjustment of the muscles of the larynx 
irhich is I'equired for the emission of vocal sounds is 
effected through the auditory sense, for when this ib 
absent, vooal intonation is learned with difficulty 
through the eye, and the voice is never pleasing. It 
would be impossible for a person bom deaf to become 
a briUiant or even moderately good singer. Many 
habitual actions are, when once commenced by the 
will, maintained by the existence of guiding sensa- 
tions. Thus, in mastication the act may be con- 
tinued, whilst the mind is wholly absorbed in a train 
of thought, and directs no attention to the process, 
though there is a disposition in such cases to continue 
to turn the same morsel over and over in the mouth 
rather than to proceed to the next act, of deglutition. 
Guiding sensations may occasionally be antagonistic, 
and the movements may then become uncertain. In 
ross a plank at a great height, although the 
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^H feet are in contact with solid nmtei'ial, yet the sensa 
^H of insecurity occasionei] by the unusual conJition of not 
^^K beiag able to see or fix any object with the eye between 
^^B 4^e near plank and the remote ground, renders the 
^^^ moTements of the limbs and the maintenance of the 
^^B equilibrium exceedingly difBcuIt, especially if there be 
^^1 any swaying of the plaak itself ; yet no difficulty is 
^^B experienced in walking along a narrow phink in tlia 
^^B flooring of a room, when oil accessory guiding sensa^ 
^^p tioas are brought into action. 

Ideas. — Ideas are to be regarded as a mental 
state or representation, which assumes the character 
of an independent intellectual reality (Carpenter). 
In forming them, the mind is determined by the 
nature and intensity of the various affections of its 
consciousness which have been excited by the object ; 
and as these depend in part upon the original conati- 
^_ tution of the cerebruui, and in part upon the mode in 
^^L which its activity has been habitually exercised, it 
^^R ■ follows that tbe ideas of the same object or occurrence 
^^P^' which are formed by different individuals may be widely 
discrepant. There are some ideas which are so con- 
stantly present in every soundly constituted mind 
that they have been named primary beliefs, or funda- 
mental axioms. The chief of these are : Belief in our 
present and in our past existence ; belief in the 
external and independent existence of the causes of 
our feelings, leading us to distinguish the mo from the 
jioJi ego ; the belief in the existence of an efficient 
cause for the change)) we witness around as ; the belief 
in tbe uniformity of the oider of nature ; and the 
belief in our own free wilL 

Emotions. — These may be regarded as being 
constituted by certain classes of idea,s to which feehngs 
of pleasure or of pain ai* attached. They include tlte 
mental states of joy, hope, surprise, fear, and the likft 
They are apt to lead to the liberation of movenienta 
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t which are peculiarly characteviatic of the emotioa 
[perienced. 
Laws of mentKl association of ideas, — The 

px&t important of the laws which have been laid 
I down by psyehologiatH in regard to the sueceBsion of 
r mental atatea, are those which relate to the asso- 
ciation of ideas. The first of these is the law of 
eoiUiyuUy, which is to the effect that two or more 
states of consciousness habitually existing together or 
in immediate succession, tend to cohere, so that the 
1 of any one of them restoree or 
Good examples of this may be 
I ^Irawn from the memory of any common object, such 
1 orange, the idea called up by the sound of the 
\ Vord blending together majiy attributes of the fruit, 
B colour, surface, form, consistence, and even internal 
I Bteuoture, which, by having been frequently presented 
I ooincidentally to our senseB, have grown together in 
'" B mind, and recur together when one or other of 
em is thought of. Of this law of contiguity, we 
,ve, Dr. Carpenter remarks, a moat important ex- 
I «inple in the association which the mind early learns 
1 to form between successive events, BO that when 
[ the first has been followed by the second a sufficient 
number of times to form the association, the occur- 
rence of the first suggests the idea, of the second ; if 
that idea be verified by its occurrence, a definite 
empectation is formed ; and if that expectation be 
unfailingly realised, the idea ac(|uires the strength of 
L » belief. And thus it is tb&t we come to acquire that 
[ part of the notion of " cause and effect," which rests 
■ upon the " invariability of sequence," and to form our 
fundamental conception of the uniformity of nature. 

jAiW of similarity. — This law is to the effect 

that present aensationa and thoughts have a tendency 

to revive preceding states of consciousness which 

1 resemble them. Having once seen and eaten a bunch 
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of grapea, we recogmse a Beoond bunch, though it may 
be much larger or smalleTj and even though the colour 
may be different, the form of the individual beniea, 
as well as their aiTangement, predominating over the 
colour, and rendering us certain, when the colour 
might engender a doubt. Some minds, however, take 
note of differences with greater quickness than of 
similarity. Minds that are capable of pereeiving 
minute points of resemblance or of difference, like that 
of LinniEus, are well adapted to classify and arrange 
natural objects; and the recognition of similarity and. 
dissimilarity between mental images and ideas is a 
oharacterisdc of the highest order of minds, such a* 
those of Shakespeai-e and Bacon. 

There is yet another law, termed the la*r of eon^ 
stractive associatioii, wliich is the foundation of 
the imagination, and examples of which are found iu^ 
those cases in which, from an outline or a sketch, we' 
build up a complete form, or in which we combine 
two or more dissimilar ideas into a concordant whole. 



CHAPTER XV. 

THE SENSES. 

The eye. — The eye is a camera obscura, and', 
the images of external objects ore depicted on thei^ 
retina, which is a concave screen lining itn posterity 
surface. The images here formed are inverted, and) 
greatly reduced in size, llie similarity of the eye to" 
a photographic apparatus is rendered very striking by' 
the circumstance that the rhodopsin, visual purple, op 
colouring matter of the rods and cones, is bleached 
by exposure to light, so that, by the application of 
appropriate chemical agents, the image of a brightly ' 
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illuminated object ctui be fixed, and I'endered apparertt 
for some time. 

The optic axis.— This is a line which paasea 
through the nodal point and the centre o£ the cornea ; 
if prolonged baclfwards, it falls upon the retina on 
the inner aide of the yello'w spot. 

The visual line. — The visual line joins the 
macula lutea with the point on which the eye is fixed. 
It passes through the cornea a little to the inner side 
of its centre, and therefore forma an angle with the 
optic axis, which is termed the angle a. This angle 
does not exceed in the normal eye 4° or 5°. In look- 
ing at a distant object, as a star, the visual lines are 
iwl-nllet, and thf opti.; .■i>p= ar- dicp<4-'.l o.ilAvnrH ; Uiit 
since we judge of Mir jw^ii.iou ol' tlic "■y-'- nr iint>*liei' 
person by the positiun of the oenti'es of the i»rueB, 
the eves appe^.r to divei^ slightly, or in othei' word* 
it may te said that there is slight apparent strabihmus. 
That there is no real squint is shown by covering, 
when a distant object is regarded, first one eye and 
then the other, with tjie hand, when it will be found 
tliat neither eye altera ita position. 

Field of vision.— This ia the area which can be 
Been by each eye, when the head and body, being 
maintained in a fixed position, the eye ia rotated to 
the utmost in the difierent meridians. The field of 
most extensive below and on the outer side, 
being limited above by the brow, below by the chi 
and to the inner aide by the nose. The Imiits are, 
each eye : Outwai-ds, 45 ° ; downwards and ont- 
wards, 47° — 50"; inwai-ds, 45°; upwards and 
wari-ls, 45° : downwards, 50° — -55° ; upwards and 
inwards, 38° — 40°; npwajds, 43°; upwards and out- 
wards, 47° — 50°. 

Visual angle.— This is the angle included between 
Bti-aight lines drawn from the extremities of the object 
to tlie nodal point (o, Fig. 18) of the rnys refracted by 



I S74 



HUAfAN Phvsiolocv. 



IClmp. XV. 



edia of the eye, which ia situated a little behind 
the centre of the lena. Our estimate of the size of 
I any object is mainly dependent upon the visual angle 
I under which it is seen. The size of the visual angle 
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dependa, first, on the size of the object, and, secondly, 
on its distance from the eye. The dietance remaining 
unaltered, the size of the visual angle varies with the 
of the oljject ; and on the other hand, the size of 
the object remainiug the same, the size of the visual 
angle diminishes with the distance of the object. 

ig. 18, A o B or the angle o ia the visual 
angle of the line A B. The retinal angle h n a \» 
equal to the visual angle, and is formed by the same 
lines continued beyond the nodal point, o, and it is 
limited by the extremities of the image formed on the 
retina. It is seen from the figure that objects of 
difl'erent magnitude, e, </, c, placed at different dis- 
tances, may he seen under tlie same nngle, and in the 
absence of other means of correcting the 
may be all considered to be of the same si 



Chap, XV.] S/fAKPy^ESS OF FlSIOIf. 

Sharpness of vision.— This corresponds with 
the defining power of the eye, the power which the 
eye posaesaes of distinguishing two points as aeparat*. 
'.8 measured by the smallest angle under which two 
objects of definite and constant size can be dis- 
tinguished from each other when separated by an 
interval of corresponding size to the diameter of one 
of the objects, or by the determination of the smallest 
retinal image, the form of which can be perceived by 
the eye, providing it is not a line. The smallest 
object that can be seen at the distance of a. foot is 
■jigth of an inch, which subtends an angle of about 
1 minute. The retinal image corresponding to this 
'5ual angle of one minute has been calculated to be 
about 0004mm., or ojjijijth of an inch, which is the 
diameter of a cone, but brilliantly illuminated objects 
of much smaller size may be seen. It follows from 
what has been stated above, that the smallest object 
that can be aeen at two feet is -j-fg tha of an inch ; 
at five feet, jj-^ths of an inch, and so on. In 

J ophthalmic practice, the meter is taken as unity of 
distance, instead of the foot, and letters have been 

, selected of a certain size, usually subtending 5', 
and the patient's sharpness of vision is tested 
by determining at what distance he can name the 
letters coiTectly. Bonder's formula, V = — ,enablesth3 
sharpness of vision to be immediately estimated, 
V, which stands for sharpness of vision, is 
measured by a fraction of which the numerator d vb the 
distance in meters at which a given letter can be read, 
whilst the denominator n is the number of meters at 
which it ought to be read by any one possessing 
average or normal (icuity of vision. Thus, a letter 
which by experiment it has been ascertained ought to 
be read by a normal eye at 12 meters from the 
iubject, is placed before the person to be tested, If 
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reads it at 13 meters, his viaion is perfect, 

i| = 1 ; but if he can only read it at 6 meters, 
then his vision ia expressed by T = ^ = |- ; if only at 
4 meters, V = yV = \, and so on. 

The sharpness of rision is modiHed by various 
circumatances. It ia greater in youth, and becomes 
giadually less as age advances. It is greater when 
ttie object is well illuminated (provided the illumina- 
tion is not excessive) than when indifferently lighted. 
The size of the pupU influences the slmrpness of 
vision ; for a large pupil, by flooding the retina with 
light and increasing the circles of dispersion, impairs 
vision. Wild races have usually very sharp vision. 

Direct aiid indirect vl«iion.— VJRion is said to 
be iliwcit when the imaac of (Ik: object fn.lla on the 
macalS' lut«H ; it k indii'ent ivli^u it fs.Us on »uy othOT 
part of the- retinn. It is foond by experiment that the 
sharpness of indirect vision lapidly diiiiinishts with 
the diatauce from the macula at which the imf^e of 
the object is formed Thus, if the sharpness of vision 
at the macula be taken at 1, at 5° fi-om the macula, 
it is reduced to ^ ; at 10°, to ^V i «t 20°, to ^ ; at 35", 
to -^ ; at 30°, to -^V ; and at 40°, to -ji^ ; and beyond 
this distance, though a moving object can be readily 
discerned, its foim cannot be recognised with accuracy. 

IHarriono's biiud spot.— Iliough not ordiiiarily 
recognised, there is a spot in the field of vision which 
is incapable of perceiving light. This corresponds to 
the entrance of the optic nei-ve or optic papiiln. It 
is situated 16° to the outer aide of the point of 
tixiition, and about 3'^ Iwlow the horizontid meridian. 

Splieiivnl nbermtion.— If a pencil of divei^gnig 
rays of light fall on a leiia made of homogeneouH 
nuteriid, those that fall near tlie peripheiy of the lens 
are brought to a focua sooner than those that fall upon 
it near its centi'e. Hence the definition is imperfect. 
In optica! instninients this defect has to be remedied j 



and there are two modes in. which it can be accom- 
plished. In one, the curvature of the periphery 
of tlie lens is diminisLed as compared with the 
central part ; and in the otter, the density, and con- 
sequently the refractive power, of the peiiphery 
is diminished. The former ia the most practicable 
method in art ; and calculation has shown what is the 
precise curvature of the surface which enables a lens 
to give a perfectly defined image, and that it must not 
be the segment of a sphere, but of the end of an 
ellipsoid of revolution about its major axis. In the 
lens of the eye both of the above means of correction 
are employed ; for in the first place, the outermost 
layers of the lens have less refractive power than 
the central and denser portions ; and secondly, the 
curvature of the peripheral parts of the lens ia less than 
the central part ; in addition, the iria cuts off the 
most external rays, whilst the cornea contributes some- 
thing to the effect, since its surface is really that of 
an ellipsoid of revolution around its mMJ^asiB. 

Cliromatic aberration.— ThejP^^nt coloured 

rays of light possess different degrees of refrangibility. 

Red raya are least refrangible ; violet rays are most 

refrangible. As whit^ light ia made up of rays of 

all degrees of rrfrangibility, it is clear that each 

colour will 'ita/r'B its own focus ; the violet I'ays will 

be brought ito a focus first; the red, latest. Helm- 

holtz has calculated, that for a reduced eye, i.e., an 

eye reduced to its simplest condition for purposes of 

calculation, the focal distance of the red rays would 

be 20-52imm., whilst for violet rays it would only be 

2n'140mm., so that there is a difi'oi-euce amounting to 

K.about half a millimeter, or about one-fiftieth of an 

■inch, and on a line of this length all the rays would 

) successively fooussed. The result of this is that 

Biriiite objeots, situated beyond the far point have an 

" ' ■ g or border of red, because the red T'i.-j-s. V-as*:. 



not BS yet met od tie retina ; whilst ii they are 
nearer tlian the near point they have a violet edging, 
the violet rays having met and crossed. This defect 
in the structure of the eye is, liowever, so slight that 
it scarcely attracts notice. In optical inatruments it 
ig corrected hj combining letues of diiierent dispersive 
power ; as, for example, those of crown and flint glass. 
The bi-convex lena of a telescope made of crown glass 
possesses both great refi'active and great dispersive 
power ; but if combined with a concave lens of flint 
glass, the curvature of which is much less, its dis- 
persive power may be neutralised without greatly 
diminishing its refractive power. 

Use of the iris. — The iris is a thin highly 
vaactdar membrane, pierced by a hole in the centre, 
and continuous with the choroid at the periphery. The 
hole is the pupil, which ia capable of undergoing 
great variations of size. It is surrounded by circular 
unstviated muscular tisane, by wliich it can be contrac- 
ted to the size of a pin's head ; and by radiating smooth 
muscular fibres, by which it can be expanded till it 
almost disappears behind the sclero -corneal junction. 
The sphincter pupillss ia under the influence of the 
third cerebral nerve; the dilatator pupillte is under 
the inflaeace of the sympathetic. The iris, in addition 
to these nerves, receives branches of the first division 
of the fifth nerve, which confers upon it acute sensi- 
bility. Light enters the eye through the pupil, and 
the first purpose fulfilled by the iris is to regulate tlie 
amount of light admitted into the interior of the eye. 
When exposed to bright light the pupil contracts by re- 
flex action ; the nervous circle being the i-etuia and optic 
nerve, which is the senaory appaiatus ; a centre situated 
in the medulla oblongata ; and the third nerve, which is 
the motor nerve. The brighter the light and the more 
sensitive the retina, the greater is the contraction of 
thepujjil. Hence, in coming from a diuk room into 



i 



US£S OF IXIS. 

bright sunlight the pupil contracts to the utmost, and 
pain may result &om exoessive stuuulEitLoii of the tibres 
of the fifth uerve; and the stimulus radiating in various 
directions causes contraction of the orbicularis, and 
flow of tears. Light falling on one eye causes the 
opposite pupil to contract consentaneously. The 
Rtimulus for the dilatation of the pupil is the absence 
of Ught ; and the nervous circle is the retina and optio 
neiTe for the sensory apparatus, the oilio-spinal centre; 
and the sympathetic for the motor nerve. This centre 
can be excited by stimulation of other sensory nerves, 
acute pain causing dilatation of the pupil. It is 
atimulated also by imperfectly aerated blood, as is seen 
in conditions of dyspuma. 

A second puipose fulfilled by the iris is to aid iu 
correcting the spherical abei-riition of the lens. The 
pupil contracts when the eyes are railed inwards, or 
converged to see a near object The efl'ect of this is 
to cut off the outer rays of the divergent pencil, 
which, falling on the periphery of the lens, would 
be brought to Hi focus sooner than those passing 
through that body nearer its centi-e. The contrac- 
tion of tlie pupil thus aids in making the images 
of near objects on the retina more clear and defined. 
The pupil contracts as an associated movement when- 
ever the eye is rolled inwards; and as it turns inwards 
and upwards in sleep, the pupil is then also contracted. 

The large supply of blood-vessels in the iris rendei-s 
it almost an erectile organ. Hence, any circumstances 
oansing congestion of the head, or repletion of the 
vessels of the eye, tend to produce contraction of 
the pupil. The escape of the aqueous humour on 
paracentesis of the cornea, by reducing the pressure 
under which the blood is moving in the vessels of 
the 11*18, leads to a rush of blood into them, and con- 
traction of the pupi] occurs. 

(Jertain ilruga possi'ss reniiirlsable powers of dilating. 
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and others of contracting, tlie pnpil. The alWaloida of 
the Solanacete, atropin, hyoscyamin, daturin, as well as 
duboisinj oauae, by paralysing the third nerve, wide 
dilatation of the pupiL Nicotin, pilocarpin, on the other 
hand, and especially eserine, cause, by paralysing the 
sympathetic nerve, great contraction of the piipU. It 
is probable that in addition to paralysing one set of 
nerve fibres, these agents stimulate their antagonists. 

Near point and fai* point. — The points at 
■which an object can be distinctly seen, when the ac- 
commodation is exerted to the utmost, is termed 
the near point, or punclum proscimum, of the eye. 
It varies with the form of the eye, the strength of 
the ciliary muscle, ajid the elasticity of the lens. 
A child can bring an object within three inches of 
the eye, and still see it distinctly. Its power of 
Bccommodation is great, the ciliary muscle acts 
vigorously, and thu lena is highly elastic, therefore 
it can bring strongly diverging rays to a focus on 
the retina. At fifty years of age an object cannot, as a 
ruJe, be distinctly focusaed wlien it has been brought 
within twenty inches of the eye, for at that age the 
lens is of firm consistence, and its elasticity is reduced, 
whilst the ciliary muscle acts less energetically. As 
age advances, a book is held at a continually increasing 
distance from the eye, until at length the distance is bo 
great that, although the letters are accurately fooussed 
on the retina, the size of the image is so small that it 
can no longer be recognised. The loss of power in 
the citiaiy muscle, and the diminishing elasticity of 
the lens, reqaire to be supplement«d by a convex 
gloss, which renders the rays of light convergent, 

The far point, or punctum remotum, for a normttl 

eye is infinite distance, for the normal eye at rest is 

adapted to focus parallel rays on the retina, and it is 

. only bodies tliat are at an infinite distance that emit 

/mWM raj-B (Jig. 19). 
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Accommodation of the eye. — In looking at 
two objects, one of which is nearer than the other, 
with a telescope, the position of the glasses has to be 
altered to see the nearer object, by drawing out the 
tube of the telescope. The same result can be ob- 
tained by thickening the glasses and rendering them 




Fig. 19.— Accommodation of the Eye for Distimce, Parallel Bays being 
brought to a Focus on the Betina. The eye is at rest, and no 
muscular effort is made. 

L, Lens ; P, parallel rays ; b, retina. 




Fig. 20.— Accommodation of the Eye for Distance, Depiction of an 

Object on the Betina. 

A, B, Object ; a, b, retinal image ; 0, nodal point. 

stronger lenses. In the eye the latter plan is adopted. 
The muscle employed for this purpose is the ciliary 
muscle, or tensor clwroidece. (lo, ii, 12, Fig. 21.) When 
the attention is fixed on a distant object the muscle is 
relaxed; the suspensory ligament of the lens is in 
action, and by its compression the lens is kept in a 
flattened state ; the degree of flattening being just such 
as will allow parallel rays to be brought to a focus upon 
the retina. Thus we may consider t\\^ q»\%.^\» Xs>» 
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consist of eeveral parts, as the barb, feathera, and 
stem of an arrow. It ia obvious from Fig. 20 
that, as the rays proceeding from each part ara 
parallel, they will be exactly focussed on the retina, 
and that tJie imc^ will necessarily be inverted. 
If, however, the object be situated near to the eye, the 
raya proceeding from it will not be pai-allel, bat 
divergent, and divergent rays would not be brought 
to a focus so soon as parallel rays ; in fact, would 
only be brought to a focus behind the retina, and 
not upon it. Either, therefore, the distance between 
the lens and the retina must be increased, or some 
change in the refractive power of the lens must be 
made ; the latter plan is adopted, and it is accoiU' 
plished by the action of the ciliary muscle. When this 
muscle contracts, the choroid membrane is drawn 
forwards. TTie effect of this is to relax the suspensory 
ligament of the lens, which permits the lens to be- 
come more convex, the iucreaso of convexity affecting 
the anterior part, and the degree of convexity being 
dependent in part upon the contractile power of the 
oUiarj muscle, and in part upon the elasticity of the 
lens. This cbange in the form of the lens is shown in 
Fig. 21, where the upper balf shows the state of the 
lena when tlie eye is adapted for distant vision; 
and the lower half when it ia rendered more convex 
by the action of the ciliary muscle, and is therefore 
adapted, adjustetl, or accommodated for the distant 
vision of near objects. 

That thei-e is really such a change in the convexity 
of the lens may be shown by observing the reflectioua 
irom the cornea, and from the surfaces of the lens, of a 
candle held to one side of the person observecl, whilst 
he adjusts his eyes for near and distant objects 
alternately. It is then found that, while the erect 
corneal image remains stationary, the erect image from 
^e auti^nor surface of the lens changes its position, 
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wliUst the inverted image from 
the poaterioi' surface o£ tiie leos 
liecomea smaller. 

Scheiner's cxperimpnt.— 

This e!q)eiTinent demonstrntes the 
necessity for accomuiodatiou, ia 
onler that single imageB should be 
formed on the retina. It Conaists 
in making two minute holes in » 
card {see. Fig. 32) with a needle, 
the distance between whioh is 
leaa than the breadth of the 
pupil. If a. single pin be stuck 
into a board and fixed {that is to 
say, looked at int«ntly) through 
the card, a single image only is 
seen, because all the raye pi-o- 
ceetling from it, though entering 
by two seiiarate holes, are focussed 
on the I'etina ; but if two pitiB, p 
and R, are now stuck into the 
board, one behind the other, and 
looked at through the holes, it 
will be found that when the 
proximal jiin, or the one nearest 
to the eye, ia fixed, the other, or 
vomoto one, is double, and vie* 
versa. The reason of this ib, that 
if the i-emote pin be fixed, and its 
image be formed distinctly on the 
retina, the more divergent i-aya 
proceeding from the nearei 
are not brought to a focus 
enough, but are focussed behind 
the retina ; and as it is looked at 
through two holes, tlw imago 
double. On the otln'r hand, 
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the nearer pin be fixed, the lens ia rendered a stronger 
one, and the rays coming from tiie more distant object 
iire brought to a focus in the viti-eous, or ia front of 
tlie retina, and therefore cross. If the nearer pin is 
(ixed, and tlie rigiit hole ia covered, the left-hand image 
of the double image of the more remote piu vanishes, 
because the rays have erosaed in tlie viti-eoua. If 
the more distant pin ia fixed, and the right-hand hole 
is covered, the right-hand image of the two images of 
the near pin vanishes, because the rays have not yet 
come to a focus. 

Emmetropic eye. Normal or healthy eye, — 
The healthy eye ia so constructed that parallel rays, 
fi tlriisi' cnjTiing trr.iii iufinitelj distani. objeuis, jiT'* 
brought to t> foouf upon the retina when flie eye is at , 
rest, aud no exei'tion of the ciliary uuacle is made, 
"When near objects are looked at. the divei^iig^ rays 
which proceed from them are brought to a focus bj 
the exercise of the muscle of accommodation. The 
most distant object which can be seen distinctly ia an 
infinit ely distant one, or one so distant that the rays 
ai'e approximatiTely parallel The nearest object that 
can be seen distinctly depends on the strength of the 
ciliary muscle and the elasticity of the lens. 

Presbyopia^— The vision of old age. This ia 
really only failure of the power of accommodation. 
In age, supposing the eye to have been oiiginally 
of normal formation, distant objects are seen as well 
as in youth, except in so far as the eje, in common 
with the rest of tlie nervous system, reacts leas 
vigorously to iiupressioos, and is less sensitive to 
tliem. The pi-esbyope sees near objects with difficulty. 
The images of these ai'e confused and blurred, because 
he cannot exert his power of accommodation sufficiently 
to cause a distinct image to be formed on the i-etina ; 
and this defect maybe attributed in part to loss of power 
of the ciliary muscle, which is unable to draw the 
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choroid forwards, and therefore to relax the suspensory 
ligament, but partly also to defective elasticity of the 
leua, which, when the suspensoiy ligament is relaxed, 
does not become thicter, as oocnra with the eye of a 
young person. The image of any luminous object 
aituated within twenty or thiily inches of the eye 
(that is, within such distance that the rays proceeding 
from it are divergent) lalls behind the retina, and no 
exertion that he can make enables him tO obtain a 
picture of it on the retina. He requires coHTejc 
glosses to enable him to see near objects distinctly; 
that ia to say, the refractive conditions of hia eye re- 
quire that the entering rays should be rendered parallel 
before he can obtain a well-defined ima^ If in old 
age distant objects are not seen distinctly without a 
convex glass, the subjectmust have been hyper-metropic. 

UlyopiH. — Short-aightedness. In myopia the far 
point is at a measurable distance. The globe of the 
eye is elongated. Parallel rays are brought to a 
focus in front of the retina. Distant objects, there- 
fore, are not clearly seen. On the contrary, rays 
more or less strongly divei^ing can be recognised 
distinctly. Hence, objects are bi-ought into cloM 
proximity to the ey& Hence, also, concave glasses, 
which render parallel raya diverging, assist the vision 
of myopes; but the weakest power should be used 
compatible with clear vision. 

It is often thought that myopic eyes improve with 
age, and those who are short-sighted congratulate 
themselves that they will see better as they grow 
older; but here also the same changes occur as in 
pri'sbyopia. It is really a failure in the power of 
adjustment that gives a semblance of truth to the 
Btiitement. The myopic [lerson, as he advances in 
years, becomes unable to accommodate his vision for 
what was in youth bis near point He can only see 
objects distinctly when they are placed at his far 
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point. Hence he holds otyecta at a greater distanoo 
than formerly, and he appears to have improved to 
that extent; but it is only at the expense of his 
near vision. For objects "beyond his far point, be 
must still wear, as he always has done, concave glaasea. 
In the accompanying Fig. the globe of the eye is 
;Beeii to be elongated The continuoiis dark lines, j y, 
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represent parallel rays, and these, by reason of the 
length of the eye, ai-e brought to a focue at o, and, 
deeusuatLng, form a blurred image on the retina. In 
order to see an object distinctly, he brings it nearer to 
the eye, as to ^ which we may regard as his far 
point The diverging rays which then proceed from 
it he can, ■without effort, focus on his retina at c, as 
indicated by the dotted lines. If he bring it nearer 
than^ he can still focus it cleariy, providing he exerts 
his accommodation, till at last he reaches a point (his 
near point) beyond which he cannot focus the rays by 
any effort of his accommodation. In high degrees kE 
myopia, either one eye alone is used, or the power of 
converging the eyes must be very great, for the object 
has to be approximated very closely to the eye, and 
fatigue ia soon experienced. 

Hypermetropia. — Long-sightedness, In hyper- 
meti-opia the eye ia flattened. The far point ia 
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^^M beyond infinite dietance, if the term may be allowed, 

^H Bays of light emanating from all objects at a niea- 

^H anrable distance are divergent. Those from objects at 

^^^ an infinite distance are p&rallel. I^eithei- of these 

^^H can be focnssed on the retina^ by a hypenuetrofic eya 

^^1 At rest, the diverging tays emajiating from a near 

^^1 object must be rendered conTorgent by a convex lens, 

^^B or by a more or less energetic contraction of the 
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ciliary muscle. This muscle soon becomes fatigued, 1 
and then exhausted, and near objects can no longer be j 

The conditions are aUown in Fig. 24. It 
liere seen that parallel i-ays, indicated bj the dark j 
oontinuouB lines, ^re not brought to a focus on the k 
retina, but behind it, at o. Objects that emit paralld 1 
raya of light, as, for esample, the moon, are not seeiv ' 
distinctly by the hypennetropic person when his eyes 
are at rest ; liut, if he flxerts liia acconmiodatiou, aud 
renders his lens tliicker, then he brings up the focus 
from to c, and lie sees the object dintinctly ; but he 
ia in worse caso with near objects. Kays proceeding 
from near objects are divergent, and hence are only 
brought to a focus, us indicated by the dotted linea, 
fer behind the retina, as at / By an extraordinary 
exeiiion of the ciliary muscle, the suBpensoiy ligament 
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^^fc^ay be for & shoit time bo relaxed, and the lens 1 


^B^vndered thicker, that the focus is branght up from f H 


^^t;to ; but the eflbrt caoaot x fl 






^^^ele relaxes, ajid all neaj- 


;' / 


^f objecta become indistinct. \ 


; / 


The appropriate means of \ \ 


j / 


relief conaist in the appli- \ '; 




cation of glaesea of such \ '; 
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Btreagth, that, aH shown by \ 'u 


fTj) J 


the thin lines, tbey cause \ 




rays of light from distant \ 


j 


objects to converge aiifb- \ \ 


\ 1 


ciently to unite oo the re- \ ■ 




tina without any eflbrt on V 


\l 


the part of the subject. \ 




The long-sighted man \\> 


should wear Uie ati^ongeat // 


glaeaea with which he can J 


see distant objecta well. / 
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ia BO common a defect of / I 


the eye that it may almost / ; 


\\ % 


be regai-ded as the normal / ! 




condition. When consider- l^. 


fthlc, it, mvnsimiB arpit*. . f i 


/;^^ E 


impairment of vision. It V iX 




cooaiHta in an inequality of Vii'^ — 


— ^"z 


the refraction in the dif- \ \ 




ferent mei-idians of the eye, \ \ 


■ / 


and is usually caused by \\ 


/ / 


the curvature of the cornea \ \ 


/ / 


being different in the two V\ 


;' / 


meridians. The curvature V 




in the vertical meridian is \| 




usually sharper than in the "■ H 


r- — J 








meridiEin. I 
e to bring ■ 
the retina, H 

-omeain* fl 
i' the hori- U 
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in the vertical than in the homontfil meridiftn. 
Under these ciix^umstances, the eye is unable to bring 
the image of a point of light to a focus on the retina. 
If p (Fig. 25) be the point of light, and vv' 
the verticai meridian or shaiper cm-ve of the 
case of Biniple myopic aatigmatisin, and H h' the hi 
zontal meridiiui, the rays p v, p V will be brought 
focua at p ; whilst those falling in the horizontal 
meri-dian, p h, p u', will not be brought to a foouB so 
soon, but at a farther jioint, p'. Henoe, at F the 
image of tlie point will be horizontally elongated, as 
at K, by reason of the rays v p, v' f having come to a 
focus, whilst the horizontal rays ph p h' have not yet 
met. At F, on the contrary, the image will 
vertically elongated, as at l, because tlie vertical rays 
have come to a focus and croHsed. 



When, 


in such an eye, a series of lines, radiatictel 


fi'orn a centre, is placed before it, that line will 1^ 


seen most distinctly which ^ 








dian, which would here be tl4| 


K 


vertical one ; for the imagifi 


■ nwrnrnmrn 


, n- of a vertical line will b(jj 


1 »— — 


formed by the superposition ofi 




small vertical lines. Tlieafl' 




overiap each other in tb* 




astigmatic meridinn, and' 


'" make the line somewhat"" 


B_ g^^ io a :S^"rCi.i° longer indeed and blurred »t' 


■ ^^ A.tjgn,a.i^d,, H^s tin. ^nds. which is not notice*^ 


^P ' but blacker and more distinots' 


■^ whilst the line at right-angles to the aatigmatiff, 


meridian is blurred and confused, being formed by t^: 


apposition of a series of vertical lines (Fig. 26), 


The defect is coiTected in oplitlialmic practice m 


^^- cylindrical glasses, the curvature being nil in oM 
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axis, in correapon deuce with the degree of aatigmatiam 
that has to be corrected. 

Irradiation. — By this term is underatood the 
tendency of a brightly illuminated surface to encroach 
upon an adjoining biack surface, as a result of im- 
perfect accommodation. A black letter upon a ■white 
giBund, theitfore, appears smaller than it really is, 
whilst a white letter on a black ground appears larger. 
When accommodation is perfect, irradiation is not 
observed. 

Entoptie phenomena. — This tei-m ia applied 
to subjective visual sensations, sensations that are 
perceived by the eye itself. The most important 
of these are Purkinje's figures, phosphenes, and muscaa 
volitantes, of ■which there are several varieties. Thus, 
if the clear blue sky be looked at for some time, a 
number of bright spots will be seen moving to and 
fro, like the sparks in tinder, or like the movements 
of the small black water beetle named Gyrinus. These 
are the blood corpuscles moving in the retinal capil- 
laries. Another form is that of strings of transparent 
pearUike bodies, which are the debris of cells in the 
vitreous. These are not very persistent, and ai-e 
of much less importance than the presence of one or 
more black spots, sometimes with a tail of semi- 
transparent cdl-like bodies, or a chain of globules 
attached to it or them. These move with the eye, 
and continue to move for some time after the eye has 
been brought to rest. They are usually considered to 
be masses of pigment, which have separated from the 
choroid or ciliary processes, and have entered the apace 
between the lens and the vitreous, or have become 
entangled in the vitreous. They may also be exuda- 
tion masses, or small masses of effused blood. They 
are of common occiirrence in cases of hypeemetropia, 
and appear to be caused by the subject pressing and 
rubbing the eye after exertion. Muco-lachrymal 
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ay be brought into view by looking throu(_ 
I minute hole in a card at the flame c^ a lamj 
These move with the eyelids. 

FnriUnJe's figures. — If, after the pupil has 
been widely dilated by remaining in a dark room for 
some time, a candle be waved before it in various 
directions, the outlines of the vessels will be seen. 
These, as ia well known, lie in the anterior layer 
of the retina, and their shadows are conseq^ueatly 
thrown on tho rods and cones whicli foim the posterior 
layer of tlio retina, and are tlie light - perueiving 
elements. 

Phosphenes. — When the eye is turned strongly 
inwards, and the finger is lightly pressed on the outer 
side of the globe as far back as possible, a phosphov- 
esceut-like luminous ring is seen on the side opposite 
to tbat on which the pr^sui-e is made. It ia due 
to the mechanical irritation of the retina at the point 
pressed, which ia projected outwarda 

Purkioje's images. — When a ray of light 
falls on the eye it is in pait reflected from thft' 
auccesaive limiting planes of tlio dili'erent media, 
before the invention of the ophthalmoscope n 
use was made of the images thus formed, and special 
deBcvilied by Piirkinji*, to determine tho prcsenoe 
cataract If the ]iupii he large, or, better still, artifi- 
cially tlilat«d with atropine, and a candle with a 
steady flame be placed a little to one side of the 
subject, whilst the observer stands in front of him, 
three images of the candle will be seen : A large 
erect one, reflected from the convex aurfaoe of the 
cornea ; a smaller erect one, from the anteiior surface 
of the lenn (both of these move with the candle if the 
position of this be altered) ; lastly, there is a still 
smaller image, which is inverted, and moves in die op- 
posite direction to the candle ; this is reflected from 
the posterior concave surface , of the crystidline Una, 
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The presence of an opa<iue lena ia rendered evident 
by tfie disappearance of the inverted image, which 
is formed by light that has passed through the lena 
to the posterior surface, and has been reflected from 
it. Tlie non-appearance of the second or RmnJler 
erect image demonstrates that the pupil is obstructed 
by an exudate, or tha,t there is turbidity of the 
aqueous humour, or cloudinesB of the cornea, all of 
wliioh interfere with its production. 

Canae or erect visioDi — The images of 
external objects formed on the retina are necessarily 
inverted, and it has been thought that we really see 
the world upside down; and attempts have been made 
to explain the mode in which visual sensations are 
made to harmonise with tactile, auditory, and other 
impresflioos. There is, however, no reason for 
believing that auch antagoniHm between the senses 
esists. The rays coming from the lower part of the 
field of vision affect the rods and cones situated in the 
upper part of the retina, and those from above afiect 
the lower ones ; but it is easy to conceive that at the 
central extremity of tlie nerve fibres, the mind takes 
cognisance of the direction from which tlie rays have 
entered the eye, imd refers them Lack to their normal 
source, or, as it ia said, projects the image outwards. 
A good illustration of the " law of visible direction " 
13 given by Leoonte, If a pin-hole be made in a 
card, and fie card be hehl at a distance of four or 
five inches before the right eye, with the left eye 
uhut, and a. pin-head be now brought very near to the 
open eye, so that it touches the lashes, and i» the line 
of sight, a perfect inverted image of the ptn-head will 
be seen in the pin-hole. If, instead of one, several 
pin-holes are made, an inverted image of the pin-head 
will be seen in each pin-hole. The explanation is as 
follows :— If the pin were farther away, say six inches 
or more, then light from the pin would he brought to 
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focal points, and produce an image on the retina, aail ^ 
tliia image being inverted would, by pi'ojection, 
reinyerted, and the pin would be Been in its real | 
position. In the above experiment, however, the pio I 
m much too ueai' the retina to form an iutage. But i 
nearness to the retinal screen, though unfavourablA J 
for producing ao image, is most favourable for casting f 
a sharp shadow, and whilst retinal images are inverted, 
retinal shadows are erect The light streaming 1 
through the pin-hole into the eye casta an erect 
shadow of the pin-head on the retina. This shadow- 
is projected outwai'd into space, and, by the law of 
direction, ia inverted in the act of projection, and 
therefore seen in this position in the pin-hole. It id 
further proved to be the outward projection of a 
retinal shadow by tJie fact that, by multiplying the 
pin-holes or sources of light, the shadows are multi- 
plied, precisely as shadows of an object in a iwora are 
multiplied by multiplying the lights in the room. 

Single vision with two eyes. — Tlie two eyes 
act together, and when directed to any object, that 
ohject ia seen single, because its image falls upon 
what are termed " corresponding " or " identical " 
points of the retina ; if the images fall on any other 
points, double images will be formed. If the concave 
right retina were lifted bodily out of the eye, and 
superimposed upon the left retina, the " corresponding 
points " of the two retime would be in contact ; the 
outer half of the right retina would cover the inner 
half of the left retina, and the inner half of tlie right 
would cover the outer part of the left retina, Tbe 
images of all objei-ts falling on the outer side of the 
right retina and the inner side of the left retina, or 
in'cB v&r*a, fall therefore on corresponding points, and 
are seen single. The area of spiu^e, i-ays proceeding 
from any part of which fall on cori'esf 
jTwintfi, and in which, therefore, all objects appeW' i 



. single, is termed the horopter. The precise form of 
the horopter is unknown. Tbe difliculty of determin- 
ing it lies in the diifieulty of recognising double 
images when they are formed at some distance from 
the macula lutea. 

Kbodvpsin or visnal purple. — Tlie sttwor 
tare of the retina, is given in detail in Klein's " His- 
tology," and it is there stated that the outer segments 
of the rods, but not of the cones, contain in the fresh 
and living state a peculiar diffused purplish colouring 
matter, named rhodopsin. It is not present in the 
rods near the ora sen'ata. It is non-difiusible, in- 
soluble in solutions of urea, or in melted paraffin. It 
is soluble in solutions of the biliary salts. It is easily 
destroyed by chlorine, nitrous acid, ether, chloroform, 
aldehyde, and oil of turpentine ; but it resists the 
action of ozone, permanganate of potash, ammonia, 
Hiid sodiuin chloride. When exposed to the light of 
day, it lupidJy bleaches. Esposui*e to a tempei-ature 
of 50° C. in the dark causes bleaching to begin, be- 
coming very rapid as the temperature lises to 70° C. 
When, after being bleached, the retina is kept in 
darkness, it is capable of regaining its colour if pre- 
served in contact with its natural background. 

Optograms. — The action of light upon rho- 
dopsin was first demonstrated by Kuhne in the fol- 
lowing experiment : — In the opaque wooden wail of a 
dark chamber he bored a hole, which he covered with 
n circular diaphragm 3 mm. in diameter. The hole 
looked into a second chamber, in which was only one 
ground-glass pane, on which the bright noon-day 
light fell. In order to see how this bright pane, 
which was about 5'77 metres fiwrn the wooden waU 
just mentioned, came out as an image in the nibbit's 
eye, he first of all hnng over it an intensely i;oloured 
chrome-yellow tissue paper, and arranged an eye in 
the following way : an Albino rabbit, after being 
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miniiteB in the dark, was decapitated, 
remoyed from tlie head under the ni 
cbromaitic light of a yodiiim light, was somewhat clear^ 
ati its posterior surface, and fastened on to the edge 
of a cork by means of needles run through the re- 
mains of the coujuuotiva. Thus prepared, the eye was 
placed in position in the dark chamber, with the 
oomea pressing softly against the diaphragm. The 
image was visible on the scleiMtic on one side of the 
optic nerve, a portion of which had lieen left attached 
to the eye, and so far beneath the point of entrance 
of the nerve into the bulb that he was sure that it 
fell an the more deeply coloured division of the 
retina, and could readily mark its place in the appro- 
priate quadrant Thereupon the yellow curtain \ 
removed from the pane, and the eye, after five 
minutes' exposure, was taken away, divided Eilong 
Hie equator, and examined in feeble gaslight. F 
Ttnable to recognise any image on it, he brought tho 
preparation out into darkened daylight, and showed 
it to several witnesses. There was evident on 
retina a most distinct brighter diffused spot, the ] 
Braall dimensions of which corresponded to those of I 
the image he had previously seen, and the position of I 
which made him already sure that it was the optogram. 
All the witnesBos recognieed the spot as being in tho 
same place. The eye was removed from its support, 
and for his own satisfaction be tried to tind on the 
sclerotic from behind the previously observeft positioa 
of the image. In this he was completely successful, 
owing to the help given by the small remains of the 
ocular muscles, the position of which, in refei*ence to 
tlie jfosition of the image, had previously been ob- 
serveil, and he was able to thrust a needle through 
from beiiind, which went straight through the pale 
spot ; still tlie image wa.s not precise, find it was only , 
in a/ter-expei-inients, in which he used a 4 per cent. 
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soJution of potasb-alum to harden tlie retiua and fix 
tbe i-etinal purj)le, tliat the details of the image 
tliroivn on the retina, as the crosa-bara of a window, 
beciune clearly visible. 

Binocnlar vjeion. — Tbe importance of bino 
CTiIar vision is ehown by the difficidty that is 
experienced in threading a needle, or in pouring 
wine into a glass, with one eye closed ; and this is 
due to the circumstance that pictures on the retina 
convey to the mirid only the notion of a plane surface. 
The mode in which the mind estimates distance with 
one eye alone is by variations of light and shade, by 
degree of exertion of the accommodation to obtain 
distinct vision, by experience of form and size, by 
parallactic motion, and by probability j but when 
both eyea are iised, an impression of solidity- is at 
once obtained ; a stei-eoacope effect is produced, and 
the relative position of objects is much more 
accurately estimated. If a cai-d with a name be 
held edgewise before the nose, it will be found that 
the name may be read with one eye, whilst the 
back of the card will be seen by the other. It is 
the oouibination of two dissimilar images that enables 
ns to judge that the card haa a certain depth, and that 
a pillar ia round and not flat. The stereoscope itself 
is only an instrument by which two plane iigures drawn 
or photographed, as seen with tha two eyes, are super- 
imposed upon each other, and which immediately give 
tbe effect of solidity ; the objects in the foreground 
standing out in strong relief against those in the 
middle distance and background. 

DecompoHtion of ll|{ht. — llie white light of 

,e sun is composed of colorific rays of various degrees 

lof refrangibility, which are therefore separated from 

(each other when they are made to traverse a prism. 

^^e red rays are least refrangible, and then in succeB- 

ion the orange, yellow, green, blue, indigo, and vioUt 
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raya, wliich are the most refrangible. The rapidity of 
tbe undulations is very great ; the i-ed ray vibrates 481 
billions of times iu a second; the violet 764 billioas. 
There are other rays in the solar si>ectrum besides those 
of light. There are rays, 'which are invisible indeed, 
but which act titrongly on the thermometer (calorific 
rays) which are less refi'angible than the red ; and 
there are rays which are more refi'angible than the 
■riolet, which are also invisible, but which are re- 
cognised by their powerful chemical action, and are 
sometimes called " actinic," or " ultra violet," raya 
Attempts have been made to distinguish the several 
coloured rays of the solar spectrum into pure 
colours and mixed colours. At one time it was 
thought that the fundamental colours were red, 
yellow, and blue ; orange was believed to result 
from the blending of red and yellow ; green from 
the mixture of yellow and blue. More recently the 
fundamental colours have been held to be red, green, 
'Bod violet ; whilst Hering reverts to the view long 
ago held by Leonardo da Vinci, that the primary 
colours are red, yellow, green, and blue. 

Complemenlarr coloure. — Complementary 
colours are those which, when mingled, theoretically 
produce white light Examples of complementary 
colours are said to be found in red and bluish-green ; 
orange and light blue, yellow and indigo, greenish- 
yellow and violet, green and purple, which last is a 
compound colour ; but none of these Gompo\uida really 
produce the impression of white light on the eye ; 
they are merely antagonistic colours. 

Perception of colours. — On the theory of 
Young it is believed that the retina posaesaes three 
kiuds of elements, the stimulation of which gives 
respectively tlie sensation of red, green, and violet 
rays. White light excites all the eiements equally ; 
but if homogeneoiui or monochromatic light be received 
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l.npon the retina, then each of the thi-PR kinds of fibres 
I w stimulated, with an intensity whioli varies irith 
the length of the waves. Thus : red light, which has 
waves of the greatest lengtii, stimulates the red 
elements strongly, the green more feehly, and the 
violet elements slightly, and the sensation experienced 
is red. Green, which has waves of intermediate length, 
stimulates the red and the violet elements feebly, but 
the green elements strongly, and the sensation per- 
ceived is green ; and so with violet, which has waves 
of the shortest length, and whiuh acts as a powerful 
stimulus to the violet elements of the retina, but 
scarcely affects the green and red elements. 
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Fin. S7.— Showing the Distrilmtioii of tie Priintuj ColooTB in tba 

The three curves culminating at R, Gr, and v (Fig. 
27), show that the retinal impression of these colours in 
greatest intensity are protluced by their own special 
colour with slight admixtures of the other special 
colours. 

The intermediate colours are, of course, produced 
by the mixture of sensations ; thus, the sensation of 
yellow is caused by the nearly equal stimulation of the 
I«d and green perceiving elements with slight stimu- 
hitiou of the violet, and so on. 

A very different view has been advanced by 
Hering, who considers that colour is the mental per- 

'm of the changes tahiog place in the visual 
mbstance, which under the infiiience of \\'^^ Sa 



^^r gcatioii and i 
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itantly undfirgoing a double process of disinte- 
gration and reparation. Pei-ception of white light is 
coincident with diaint^gration ; of blackness or dnrk- 
neea, with redintegration ; and the degrees of white and 
black depend on the activity of the processes of disin- 
tegration or repair. Besides white ani black there are 
two other pairs of antagonistic colours, the perceptioa 
f& which is amilarly dependent on processes of 
oonstruotion or destruction. Red and yellow result 
from destructive or disintegrating procesaea ; green and 
blae, on constructive or redintegi'ating processes. The 
visual substance, rhodopsin, or material, by vliatever 
name it is called, which is sensitive to colour, is thus 
supposed to be composed of three con^titneuts ; the 
black and white perceiving, the blue-yellow, and the 
red-green perceiving substance ; all luminous raya 
produce disintegration of the black-white perceiving 
substance, though the different rays act with different 
decrees of energy upon it. There are only certain 
rays, however, which act as decompoaera of the blue- 
ydlow or red-green constituent, whilst otlier rays act 
as constructive agente, and others ngain have little 
or tio action. 

Colour blindncsSr— About three or four per 
cent, of men, and a less proportion of women, fail to 
distinguish certain colours. The most common defect 
is the inability to distinguish between red and 
green. The peculiar character of red raya is not per- 
ceived ; the subject is unable to recognise, otherwise 
than by their form, the cherries fi'om the leaves of a 
chenj tree. This defect (red-blindness, as it luay be 
called) is supposed, on Young's theory, to be due to the 
absence of the red -perceiving elements of the retina ; 
gnd, on the theory of Hering, to the absence of the red- 
green constituent of the colour perceiving aubstanoa 
In theviolet blind, the yellow-ViJue constituent is absent 

There are degrees of colour blindness ; in some, 
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whilst saturated colours can be readily recognised, 
the different shades of the same colour fail to be dis- 
tiuguisbed. Thia is termed partial ooloui* blindness, 
iplete colour blindness only shades of black and 
white caji be perceived, and both the yellow-blue and 
red-green constituents of the visual substance areabsent. 

Positive and negative after images. — If 
the retina be exposed to a very bright light, which is 
then suddenly extinguished, there i-emains for a short 
time an impression of the same colour, as though the 
retinal elements still continued to vibrate in responee 
to the same stimulus. This is the positive after- 
image. After a little while, liowever, the positive 
image is replaced by a negative c^er-vinage, in which 
the bright parts of tlie real image and of the positive 
after-image, become dark, and the dark parts light. 
The appearances in question are well seen on looking 
intently at the sky, through cross-barred or cottage 
windowa for a minute or two, and then closing the 
eyes ; the bai-s, at tirst dark on a light ground, soon 
become light on a dark ground. 

IHut«clc8 and movemenls of the kjk,— 
Each eye is moved by six muscles, which are arranged 
in pairs, each pair rotating the eye in opposite 
directions round a definite axis. To facilitate the 
comprehension of their action, it is also useful to 
remember that a vortical line halving the cornea is 
termed the vertical iiieridian. The names of the 
muscles and their actions are : 



The axis of rotation is vertical. The vertical 
[ meridian is not altered in direction by their action, 
B vertical. 
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The Eixis of rotation is horizonttil from 
temple. The Buperior rectus acting alone, not only 
turns the eye upwards, hut causes the vertical meridian 
to incline inwai'ds, and to obtain a true rotation 
upwards the inferiof oblique is also brought into play, 
whioh inclines the meridian outwards. 

In the case of the inferior rectus tlie same 
obaerTed. The inferior lectua not only lotatea the 
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eye downwards, hut inclines the vertical meridioa 
outwards, and this is correctetl Iiy the coincident 
action of the superior oblique, wliich includes the 
vertical meridian inwarda 
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^H The axis of rotation of the oblique muscles lies 

^T in the plane of the horizontal diameter of the globe, 
but forma an angle of 60° with the transverse axis. 
The superior oblique inoUnes the vertical meridian 
inwards. The inferior oblique inclines the vertical 
meridian outwards. {See Fig. 28.) 

Lacbrrntal apparatus. — The secretion of the 
lachrymal gland, named leafs, ia a protective fluid. 
It is discharged into the conjunctival aao at its upper 
and outer part, and serves to wash away any foreign 
body that may have entered between the lids and 
become adherent to the conjunctiva. The 
tion is very thin and watery, containing nearly 99 
parts of water and one part per cent, of albumin, 
mucin, and salts, sJid may be exciuid through the 
optic nerve by exposure of the eye to a bright light, 
through the branches of the fifth nerve diatiibnted to 

Ijthe conjunctiva and nose, and by mental excitement. 
The centre is probably in the pons or medulla ob- 
longata. The motor nerves are the lachrymal of the 
^th and the small temporo-malar nerve. After having 
.traversed the surface of the globe of the eye, the tears 
■^t«r the puncta, partly by capillary attraction and 
j;»rtly by the action of Horner's muscle and p 
^bres of the orbioidaris, which on contracting dilate 
ihe lachrymal sac, and produce a tendency to a vt 
iirhich the tears rush in to fill The continued action 
^ the same muscle compi-esses the sac and forces 
tJie fluid down the nasal duct, regurgitation being 
mevented by several bat irregularly placed folds, 
^^e inspiratory act also promotes the passage of 
tears through the duct The surface of the globe is 
further kept moist by the mucous secretion of the 
inner surface of the eyelids. The lids are pi'cvented 
from adbering during sleep by the secretion of the 
Meibomian glands, which open on the free margin, of 
the lids behind the attnchnient of the cilia. 
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THE SENSE OF HEARINQ, 

This sense is due to the excita,tiaii of the eightli 
or auditory nerve. The organ of hearing is divided 
into thi-ee parts — the external eav, including the 
auricle and the meatus ; the middle ear, or tympanum j 
and the internal ear, or labyrinth. The external eav 
has for its function the collection and transmission of 
sounds to the membrana tympani. The inaportanoe 
of the aimcle is shown by its constant motion in 
tmimals like the hoi'se, cat, and hare. In man its 
function is subsidiary ; it has become flattened, the 
muscles are atrophied, and its movements are scarcely 
perceptible. If the inequalities of one auricle be filled 
with ^rax, the perception of Bounds is not impaired, as 
compared with the opposite ear, when the meatus is 
directed towards the source of the sound ; but in all 
other positions it ie mueh diminished. 

The membrana lympanl. or drum or ibe 
ear, — This is a membrane composed of a baaia of 
fibrous tissue, with a prolongation of the external , 
skin on the one side, and of the mucous membrane of I 
the tympanic cavity on the other. It ia concave ^chen ' 
viewed externally, is not very tightly stretched, and is 
inelastic. The handle of the malleus is firmly attached 
to it. The planes of the two lym]iani converge 
anterioi'ly, and if prolonged would meet at an angle 
of about 130°. The tympanum vibrates to and fro 
as a whole with undulations of the air, and it« 
vibrations are communicated directly to the osaicula 
auditus, which not only conduct the vibration to the 
labyrinth, but act as dampers, and prevent afteiv 
impressions to a very material extent The membrana 
tympani has no fundamentAl note of its own, but 
vibrat«s with nearly equal readiness to notes of ■very 
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^^L different pitch. ' ^H 




^TnjWflolt OF Semicircular Canals. 'Jof 

The ofisiciUa. — Tliese, consia^mg of the inalleuB, 
I, and stapes, conduct the vibrations of the aiv 
from the membruna tympaiii to the labyrinth, through 
the foot of the atapea, which closes the foramen ovale. 
By their means also the muaclea of the tympanmu are 
able to modify the tension of the membraaa tympani. 
The extent of movement impressed on the foot of the 
stapes by vibrations of the meinbrana tynipiini ii very 
omalt, and has been estimated at 0'07mm. The 
I tensor tympani muscle, as its name implies, stretches 
I the membrana tympani by pulling the malleus in- 
wards. This rendera it more capable of vibrating 
with acuter sounds. 

The Eu«tacliian tobe. — The Eustachian tutie 

permits the air in the tympanic cavity to be renewed, 

and the secretion of its mucous memhi-ane to escape. 

, The aperture of the tube is usually closed, but it is 

I opened at the moment of swallowing, by the action of 

I fliB fibres of the dilatator tuhm. 

Function artbc semicircular cauals. — The 
eemicii'cular canals partly supply information in regard 
to the direction of soimda, partly aid in maintaining 
the equipoise of the body. Their division does not 
appear to interfere materially with the perception of 
Bomids, but induces very peculiar movements of the 
head alone, or head an.d body. Thus, section of the 
horizontal canal in a pigeon causes it to turn its head 
alternately to right and left for months together. 
Lesion of the posterior vertiwJ canal occalaions nodding 
movements, so that the animals often either fail 
backwards or forwards. Lesion of the superior a 
terior canal also leads to vertical movements of the 
head ; and it is believed by some that the positior 
of tlie head is recognised by the pressure exerted by 
the endolymph upon one or other of the arapullie. 
will t>e observed that the three semicircular canals 
con-capoud to the three sides of a cjbe, and thut 
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I conaef|ueiitly in wliicbever direction aounda are pro- 
pagated to tlie ear, they will affect one of the canals 
more readily than the others. 

Function of tlie labyrintb. — The peculiar 
arrangement of the ai-ohes of Corti naturally led to the 
supposition that they acted like the BuooeBsive wires 
of a, piano, and vibrated in unison with the Bounds 
affecting thera from without ; and it is only necessary 
to imagine that each arch ia in connection with a 
nerve fihre, which is excited by its vibration, in order 
to understand how sounds of various pitch, intensity, 
I and timbre come to be recognised. But since the 
arches of Oorti are uhient in birds, which must un- 
doubtedly have very clear perceptions of musical 
sound, some other part must be looked on as ful fillin g 
this function ; and those which seem moat likely are 
either the radial fibres of the membrana basilaris, on 
which the organ of Corti rests, and which are shortest 
in the first turn of the cochlea, and become longer 
towards the cupola, or the hairs of the hair-cells, which 
are known to be of different length. 

Sonnds are divisible into musical and non- 
musical. Musical sounds result from aerial undula- 
tions, which reach the ear in a certain order and 
regularity. Non-musical sounds, or noises, consist of 
undulations which have no periodic relation to each 
other, and reach the ear irregularly. The undulations 
strike the drum of the ear, ai-e conducted chiefly by the 
chain of bones, but partly by the air contained in the 
tympanum, to the vestibule, semicircular canals, and 
cochlea, and are supposed to set the auditory hairs 
into vibration. Their vibration excites the extremities 
of the auditory nerve, and the imjin'ssion being con- 
ducted to the auditory centre, produces there the 
Bensation of sound. 

The iotorval of tuo noles. — This may be 
ftipressed by a fraction, representing the proiwrtion 



^ vibrations producing the two notes bear to each 
Thus, if one note ia caused hy 300 vibrationa 
r second and another by 200, the proportion o£ the 
'0 is sSSi "'' i- Certain intervals are rep 
' comparatively simple ratios ; and these 

I moat readily, and are the most agreeable 

Lito it. They are those which are ordinaxily ' 

L"«niitted by the human voice. The simplest proportion 

w-iK that termed the octave, in which the ratio is |-, 

The higher note is here produced by double the 

number of vibrations by which the lower note is 

formed. The following table gives the relations of the 

chief simple intervals which ai-e less than an octave. 
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Number of Vibra- 
tioiiaoftha Higher 
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llinoT sixth . 
Major Bixth 
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»The gamut is produced by preserving the more 
■simple intervals, as the fifth, fourth, and third, and 
%atercalating in the intervals of an octave a series of 
Ttotes separated from each other by defimte intervals. 
The notes of the gamut are seven in number, and their 
■vibrations bear the following ratio to the vibrations of 
the fundamental note, or tonic do. 

do re ml la tal iB ai do. 

1 S i ! S ! V 2 
This is called the major gamut. 
^_ , . The minor gamut is also composed of seven notes, 
^^L but in these the ratios of tliP vibratious between 
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themselves and to eacli other differ from those of the 
■r gamut. They are aa follows ; — 



\ ! 



! 



\ 



\ 



\ 



There are other forma of the minor gamut, but this 
is the earliest and perhaps the most important of them. 

The tonic of the gamut, whethec major or minor, 
may be placed on any not« indifferently, but the ratio 
of the vibrations in the successive notes in the major 
and minor keys do not correspond. 

DissoUHUce.— Beats.— As long aa sounds have 
a certain simple relation to each other, eo that one is 
to the other as 1 : 2, 1 : 3, 1 : 4, and the higher note 
makes two, tliree, or four vibrations to each vibration 
of the lower note, harmony results ; but if the relation 
of the higher note to the lower is not in the ratio of 
the multiple to the single, interferences must occur, 
and dissonance result. Thus, if one sound is pi'oduced 
by 33 vibrations per second and another by 34, the 
waves of the one must advance upon those of the 
other, till the crest of one undulation is exactly 
opposed to the depression of another. A distinct 
beat is theu heard, which in this case would occur ouoB 
in the second, and would recur at i-egular intervals of 
a second. Such isolated heats are frequently heard, 
and are distressing to a musical ear; but if the 
difference be greater, the beats of course i-ecur with 
greater frequency, and dissonance is produced of so 
marked a character as to be jierceptible to the most 
unmusical person. 

Pltcli of a sound — The piloh of a sound de- 
pends on the number of vibrations in a given time. 
The greater the nuniber of vibrations, the higher is 
the pitch. The perception of notes of successively 
higher pitch by the ear corresponds therefore with 
p^vep^oa of the sucoeBaion of ooloora by the reti 
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the difference between them lies in the rapidity of the 
vibrations, which in the case of light are counted by 
millions of millions, wliUst in the case of sound they 
are at most only a few thousand in the eecond. The 
greatest number of sonoi-ous vibrations that can be 
perceived is i-ather leaa than 41,000 per second, though 
few can hear sonnda produced by more than 35,000 
per second ; the lowesrt. that will give the sensation 
of a musical sound is about IG. Above the formev 
number, no sound is perceived ; below the latter, only 
a EuccedHion of beats, or puffs, when the uistrunient 
used is a wind instrument. A whistle has been 
constructed which, by being rendered shorter, can 
be made to yield shriller and shriller notes. If such 
a whistle be sounded in a mixed audience, it will 
be found that as the note is made sharper, the 
ears of a certain number of persons become incapable 
of responding to the ribrationa, and they are pei-fectly 
deaf to them ; whilst others aiv still capable of 
distinctly recognising them. Contraction of the 
tensor tympani muscle enables sounds of about 4,000 
vibrations higher than normal to he perceived. In 
the same way, the cry of the bat, the squeak of the 
mouse, or the sound made by the cricket, are inaudible 
to many who have othei'wise fairly good ears. Fine- 
ness of heating, or tjie possession of a " good ear," 
signifies that minute differences in the pitLh of two 
notes, produced by a nearly equal numher of vibra- 
tions, can be perceived. 

Timbre of a DOtc_The timbre of a not* is the 
peculiar difference which enables even an ordinary 
ear to say whether a particular note is produced by a 
piano, a violin, a flute, or an organ. It depends on 
the number and nature of the harmonica which ac- 
company nearly all musical sounds, and which may be 
rendered evident, either by resonators, which are large 
hollow vessel E that respond to particular notes 
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strongly, and less or not at all to all others; or by: 
examiniiig the vibrations of a series of stretched cords 
in the neighbourhood of the note the timbre of which 
is required to be determined. Thus, if the wires of a 
piano are carefully examined whilst any particular 
note is sung by the human voice, Oi" elicited by the 
bow from a violin, it will be found that not only thd' 
wire that ia in unison with the note sung or played 
vibrates, but that several other wires arc also thrown 
into vibration. These are harmonics or partial tones, 
thirds and fifths, which respond to corresponding 
vibrations in the vocal cords or in the cords of the vio- 
lin, and it is the existence of these harmonics, over- 
tones, or partial tones, that enable the difference between 
two instruments or their timbre, to be recognised. 

Duration of the auditory sensations. — It* 
has been ascertained by experiment that the human ear ■ 
is oapable of recognising as distinct beats 133 beats in 
a second, but beyond this number the auccesaive im- 
pulses fuse into one, and the sound becomes con- 

' tinuous. Occasionally after-sounds are perceived, but' 
as a rule the persistence of the individual sounds iB' 
very short. The recognition of diftereucea between two' 
notes varies greatly in diit'erent persons. Thus, some, 
are scarcely disturbed by a sound which is half a uote> 

I fiat or sharp, whilst to others the difference produces. 
a sensation that is akin to pain ; and it is said that 

. practised musicians will distinguisjt between notes the 
diffei'ence of which is not greater than 1 in 1,000^ 
The A of musicians in Germany has 440 vibrations 
per second ; in France, 435. 

I ■ VOICE AND BPEECn. 

I Voice or vocal sounds are produced by most mam- 

mals. Speech is peculiar to man. Voice is produced 
j&r the vJ^i^tioija of tlie inferior vocal cords. Speecli 



1^. XV.] Production of Voice. 



I 

^H consists of the same vibrations, with modifications 
^^'induced by Tarying size of the oral cavity, and vaiy- 
ing position of the tongue and lips. 

The g'lottis is the openiug b^ween the vocal cords. 
During ordinary respiration, and when no sounds are 
emitted, it is of triangular form, the apex being in 
front, and the base behind. The margins ate formed 
by the cliordce vocales, or thyro-arytenoid Ugamenta. 
Theae are composed of extremely fine and delicate 
fibres of pure elastic tissue, connected on thtir outer 
surface with the tliyro-arytenoid muscla As soon as 
a vocal sound is required to be produced the cords 
are, by mnacular action, rendered moderately tense, 
and their edges are brought into perfect parallelism. 
The jjaasage of air through them with a certain degi'ee 
of force, greater than that of ordiuHry expiration, 
throws them into vibration, and produces notes of 
various pitch and intensity, which may even be 
imitated in the dead subject by appropriate arrange- 
ments for driving air through them. The tighter the 
cords, the higher is the pitch of the note ; the more slack 
the cords, the lower is the pitch. The vocal cords are 
stretched by the depression of the thyroid cartilage on 
the cricoid, through the agency of the crico-thyroid 
muscle ; tliey are relaxed by the thyro-arytenoid 
muscles. The fissure of the glottis is widened pos- 
teriorly by the rotation outwards of the arytenoid 
cartilages caused by the crico-aiytcenoidei postici. It 
is narrowed by the simultaneous action of the crico- 
arytenoidei laterales, which rotate tjie arytenoid 
cartilages inwards, anteriorly, and by the arytenoid 
muscles posteriorly. The nerves implicated in the 
acts of vocalisation are the superior and inferior 
laryngeals. The former is the sensory, tlie latter the 
motor nerve. Lesion of the inferior loiyngeat causes 
loss of voice from inability to bring the vocal cords 
into parnllelism. 



The oreans or voice mid spvcch.— Fotkr 

yes the following ctnssificatio. 



Generating aound-! 



J Tborex. 
Bronchi. 



I IntercoatuU. 
D- J Levktan of rilis. 
•(SciilenL 



Sermti m .. _ 
l I'eetonilB. 



I 

P 

I 



, Vestibule of larynx. 
Ventricles of Urnyi. 
Pharynx- 
Oml oivi^. 

IKutal cavity. 
Frnntai hqhb. 
Sphenoidal einntk 
EpiglottiB 
, Velum pnlati. 



(Tongue. 
xSth 
I. Inferior maiilla. 

CompaHS of llic voice.—The oi-dinary co 
H3 of the voice includes about four octftves, vi 



to C" 



the lowest note 
being |jroduced by 

80 vibrations per eecond ; the liighpst by 1,024. 
Individual voices are stated by Potter* to have de- 
scended to F &=^ while Catalani sang G'" g ^ 

and Aguiuri is suid by Mozart to have risen to 
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The compiisB and clasBifioation of ordinary voices 
thus given by tlie same authority : 




Fnlsetto voice^— Tliia is a different and a highor 
register than the ordinary or cheat voice. Tlie 
apertui-e of the glottis ia widei', and tlie superior 
vocal cords are more widely separated from each other, 
than in the production of the ordinary voic& It ia 
believed to be produced by the vibration of the edges 
only of the vocal cords, wliilst these are in a state of 
greater tension tlian in chest notes. A falsetto note 
cannot be sustained as long as a cheat note of the same 
pitch. 

Towel sounds.^ — Vowels we continuous voice 
Hounds produced in the larynx, but the overtones of 
which are modified by the different forms assumed by 

I the oral cavity. If the trachea is opened, voice ceases. 

\ Ihe buccal cavity either forms a cavity of equal 
diameter throughout, or enlarges its anterior segment 
whilst it contracts the posterior. The former occurs 
with the vowels A(broad),o, and u; the latter for a short, 
B and I. The buccal cavity is of maximuni size in 
pronouncing the vowel A, and is smallest with d. For 

' rH the vowpIs the orifices of Hip uhs-tI cavities ure 
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^H closed by tbe eleYfttion of the velum pakti, without 

^V which niual sounds would he produced (Budge). 

^^ Consonanls. — Cuiisonttnta are producfS by tbe 

emission oH sliorta pufi'a of aii-, which are thrown into 

vibrations as they traverse the narrowed air passages. 

Simple expiration reinforced by the mouth produces 

A, or when the lips are closed, aud tlie current of air 

directed through the nose, m or n. In the case of the 

majority of consonants the opening for the pasaago of 

air is at fii'st closed, then suddenly opened Thus, the 

explosive consonants, h and f, are formed by the suddea 

opening of the lips ; d and t by the sudden separation 

of the tongue from the palate or teeth ; g and k by 

tie separation of the tongue fi-om the posterior part of 

the palate. Simple contraction and closure of the lips 

takes place for / and v ; of the tongue for a aud I ; 

and of tbe palate for cA, and s pronounced in German, 

^H and (. Consonants produced by approximating the 

^m lips to each other or to the teeth are termed labials ; 

^H those formed by approximating the tip of the tongue 


^H palatals ; and those produced by approximating the _ 
^B root of the t^mgue to the soft palate are gutturals. 
^H Potter gives tbe foUowing tabular arrangement of 
H^ the consonants according to tlieir acoustic relation ; 


Ubiil.., DootalB. 


»••■»■- 1 


Exploaivei F.B 
Vibratives 


T. D 

S,Z,L, Sh J. Th (hard & soft) 

N 


KG 
Ch T (initial) 

I' 

m 


Whispei-ing consists in the movements required ^M 
for articulate speech being effected whilst the vocal ^H 
t^nifi are not tlirown into vibiutiou, ^H 
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Sense of touch. — The cataneou a nerves terminate 
in the skin, partly by free extremities, and partly in 
special orgnna, termed tactile coi-jjusclea and Pacinian 
corpusciles. Several different aensationa are perceived by 
the skin. There are sensations of touch, of pain, of space 
or position, of pressure, of tickling, of temperature, and 
of muscular eflbili. Whether each of these has its own 
special nerve-end appiiratus, and it's own channel of 
communication with the central nervous system, is 
still undetermined. The sensations of touch proper, 
or tactile sensations, are only perceived by the akin, 
and the mucous membranes near their orifices. Jfo 
tactile sensations are aroused by the passage of ordinary 
bodies along the intestinal canal, or along any of the 
ducts connected witb it ; or if any are excited, they are 
senaationa of pain. All tactile sensations are most 
distinctly felt when they ali'ect the periphery of the 
nerves ; and in order that any kind of sensation should 
be felt, it is necessary that the stimulus should be 
suddenly increased in intensity, and not inoieaaed 
slowly or gradually. There must also be a free circu- 
lation through the part. The action of cold in 
numbing a part is well known. 

Sense of space. — The most sensitive part of the 
body is the tip of the tongue, which is capable of dis- 
tinguishing that tbe points of a pair of compasses are 
separated when there is only an interval of I'l mm., 
or j'jth of an incb between them. The tip of the 
tliiii phalanx of the fingers is nearly as sensitive. The 
skin of the lips distingulalies the two points when they 
are only about 4 mm. apart ; the middle of the dorsum 
linguffi and the skin of the metacai'pus of the thumb, 
when they are about 8 mm. apart ; the skin over the 
malar bone, when they are about 20 mm. apart. The 
least sensitive parts are the lower part of the back, 
and the outer part of the thigh, where the points of 
,^0 compasses nmy be applied at a. distniice from each 
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other of 2J mches, and yet not be certainly differen- 
tiated as two. An instrument termed an mslhstwrnettr 
Icvised, in which the distance between, two 
points can be accurately noted, and by means of 
which the relative acuteness of sensibility of different 
parts of the skin in any case can be readily aBcertainod. 
The simultaneouB but unusual excitation of two parts 
of the akin by any object gives the impression of the 
presence of two bodies, as in the experiment of Aristotle, 
in which a marble is touched by the outer side of the 
second and the inner side of the first finger when these 
fingers are crossed, which givea the impression of two 
maj-bles. In experimenting on the sensibility of the 
skin for all vaiieties of sensation, it should be remem- 
bered that great imjirovement takes place after short 
practice, and that experiments should be repeated 
many times before any trustworthy conclusiona can. 
be diuwn. Those who we blind, and who have 
thei-efore to depend largely on tlie sense of touch for 
guidance, acquire extraordinarily delicate and accurate 
powers of perception with the lingers, differences of 
form, size, character of surface, consistence, t«mpera- 
ture, and other characters, being readily recognised 
that are quite inappreciable to those who possess good 
vision, without special education. Tactile sensibility 
is most acute at tempei-atures near that of the normal 
temperature, 38'6° C. The greater the common sensi- 
bility of any part, the more rapidly may a succession of 
shocks or pulaations succeed each otlier, and still be 
distinguished as separate impulses. On the innei- 
aide of the thigh 53 shocks per second can be dis- 
tinguished ; on the back of the hand, 61 ; aiid on the 
points of the fingers, 70 per second. 

Sense of pres^nre. — By this special form of 
tactile sensibility we recognise the degree of resistance 
presented by different bodies. Its acuteness is ascer- 
iaiiiri] li>' jilacing weights of the same size but of 
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(lifferaiit amoTirita on the skin of vaiionB paxta ot" the 
body, and enileavouring to estimate them. The parts 
■which perceive the sense of touch most dcutely are 
generally also those which have the keenest sense of 
pressure, but not always. The smallest weight which 
con be perceived is 0*002 gramme, which is recognised 
by the skin of the forehead, the temples, the back of 
the head, and the fore-arm. The pulp of the fingers 
can perceive a weight of 0-005 to 0015 ; the chin, 
nose, and belly, 0'04 to O-Qo gramme ; and the 
fiuger-nail, 1 gramme. The points of the fingers 
can distinguiEh that one weight is heavier than 
another when the proportion between the 4wo is 
as 29 : 30, providing they are not very light or very 
heavy. Experiments have been made to determine 
what additional weight must be added to one gramme 
in order that it should be perceived, and it has been 
found that on the third phalanx of the fingers the 
addition of 0-499 gramme to 1 gramme is perceived. 
On the lower leg a whole gramme must be added, and 
on the back no less than 3'8 grammes. The judgment 
is materially inilnenced by the length of time that is 
allowed to elapse between the trials, and no trust- 
worthy conclusions are drawn when a little more than 
a minute and a half have elapsed. Considerable 
pressure may be exerted without its being perceived, 
if it is uniform. Thus, when the hand is plunged 
into merouiy, the increased pressure is only felt at the 
line corresponding with the surface of the fluid. 

Sense of lempcraturc. — The senaationa of heat 
and of cold are relative, and dependent upon the 
temperature of the part of the body exposed. This 
may ea.sily be shown by dipping one hand into hot 
water, the other into cold, and then both together 
into water of medium temperature. This will feel hot 
I to the one hand, and oold to the other. The fingers 
1-V9 capaUe of perceiving differences in temperatu 
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about 0'J''0. It is much more easy to perceive 
differences of tomperature ■when a large surface 
1 skin is exposed to them, than when only a 
or limited surface is acted on. The lei^ hand 
Bensitive than the right. Temperstui 
those of freezing water and of 50° C. usually pi-o- 
idnce pain, but cuBtom, as iu other cases, enables both 
tlow and high temperatures to be home with impunity 
.that are under ordinary circumstances quite unbeiir- 
■ »ble. The skin, when deprived of the epidei-nm, 
appears to be incapable of perceiving variations of 
i-temperature, both heat and cold causing the sensation 
■<ti paiiL The sensitiveness of the mucous membranes 
for vaiiationa of temperature is very dull, the ii 
gestion of a tumbler of cold water into the stomach, c 
the injection of cold water into the rectiun, scarcely 
giving the sensation of cold, or producing it only by 
withdrawing heat from the adjoining skin. 

pHin.— Pain results from excessive stimulation of 
any sensory nerve, and may he excited by the violent 
application of all forms of stimuli, whether mechanical, 
chemical, thermic, electrical, or due to aorae alteration 
in the body itaelf, such, for example, as inflammation. 
Some nerves ai-e much more acutely sensitive to pain 
than others. The lifth nerve stands pre-eminent in 
itbis respect, and acute neui'algia of the several 
Jhranches of this nerve almost paralyses the sufferer, 
.every movement bein^' inhibited lest it should in- 
tensify the pang. The splanchnics are also highly 
(sensitive nerves. The organs which, when inflni 
.give rise to the most intense pain are those which 
veil supplied with nerves, and which have a dense 
unyielding fibrous investment, exam])les of which are 
found in the testes, in the ovary, and in the eye. 
Pain can be excited by violent stimulation of a Qerre 
in any part of its course, but it is often referred to ita* 
,j>eri/ihemi extremity. Eemarbahle examples of this 
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e found in cases of amputation, in which irritation 
nerve at the line of section is referred to the 
1 part of the limb which has been removed. 
nnscnlnr sensibility. — The muscles, though 
sw« not very sensitive oi-gans to ordinary stimuli, 
^lien contracted spasmodically, occasion severe 
ppain. They ache when fatigued, and pain is felt 
TiVhen they are contused or cut. They also possess a 
Fcertain seneibility, which enables ua to tell not only 
Irwhether they are in conti'action, but to what degree 
' are contracted, and this has been distinguished aa 
" muscular sense " proper. Experiment seems to 
V that the acuteness of the muscular sense Ipr the 
lunt of exertion made is greater than that of the 
le of pressure or resistance possessed by the skin, 
■, whereas the skin, as we shall see, can only dis- 
inguish between weights differing from each other in 
^Wie proportion of 29 : 30, weights can be recognised as 
■idiffei'ent when weighed in the hands which do not 
f ^differ more than 39 : 10. Experiments of this kind 
[tcan be best made by concealing the weigljta to be 
[ffstimated in small bags, and endeavouring to form a 
I correct judgment as to their respective weights. The 
F jnuscular sense affords indications (1) of the energy of 
Kteonti'OGtion of the muscle, (3) of the extent of contrac- 
r^ou,(3}of the rapidityof the movement, (4) of the dura- 
T tion of movement, and, lastly, (5) of the position of the 
f limbs and of the body. By some observers it is main- 
"tained that the occurrence and degree of contraction 
I muscle is only known by the effort, or nervous 
I .expenditure, put forth to cause the muscle to contract ; 
^(Whilst others think we only become awai-e of the 
tontraction of a muscle by the cutaneous or tactile 
BgensationB that are coincidently escited. In accord- 
s with this, the heart and diaphragm, which only 
motely affect the skin, have veiy feeble muscular 
' \, however, now very generally admitted 
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that there sure special nerve fibres charged with, the ^H 

office of ministering to tlie muscular sense. Section ^^k 

of the posterior roots of the nerves sujiplyiug the ^| 

hind limbs in dogs produces much more disturbance in ^^k 

the movements of the animal than section of all the ^| 

cutaneous ueiTea supplying the same limlj. ^| 



I of tasle.— The faculty of taste ia localised 
in the tongue, especiaUy at its posterior part, and in 
the lower part of the velum palati. The papillie cir- 
cnmvallatK possess special organs which are believed to 
bo adapted for this purpose. (See Klein's " Histology," 
p. 193.) The nerves implicated are the glosso- 
pharjipgeal, which is the proper nerve of taste, and 
supplies the posterior part aud sides of the tongue 
with the ciroumvaUate papillw ; the pt«rygo-palatina 
brandies of the fifth pair, which supply the yelum 
patati ; and the lingual of the fifth, which is distributed 
to the tip of the tongue. The conditions necessary for 
the e):erciHe of the sense of taste are that the object to 
be tasted should come into direct contact with the organ 
of taste, aud consequently sapid substances must he in 
solution ; secondly, that the nerves of taste should be 
specifically excited ; lastly, attention and judgment. 

There are four chief varieties of savoura : sweets, 
bitters, acids, and salines. Sapid substances are more 
distinctly perceived and distinguished in proportion (1) 
to the extent of surface to which the substance is ap- 
plied, (2) to the degree of concentration of the sub- 
stance, (3) to the duration of the time that it is 
applied, (4) to the degree of practice, and (5) to the 
approximation of the temperature to the normal tem- 
perature of the body. Wine and lea tasters take a 
moderate quantity of the fluid into the mouth, and roll 
it over the tongue and cheeks so as to increase the 
surface to which it is applied. Some substances, as 
quinine, have a very persistent flavour, and it has been ' 
estimated that a solution of common salt must iM 
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twenty times as strong to produce the same vividness 
of impression ob quinine. The rapidity with which 
the gustatory impressions of diSerent substances are 
perceived varies. Salt ia tasted most quickly, being 
perceived 0'17 see. after its application, whilst quinine 
i-equires 0-258 sec., and sweets and acids occupy nn 
intennediate period. Many gustatory sensations aj;8 
materially agisted by the sense of smull. 

Sense of sinell.— The organ of smell is situated 
in the upper part of the nose, a portion of the 
mucous membrane covenng the upper and middle 
turbinals, and the septum nasi, being specially modified 
for this purpose. The nature of odorous emanations 
is not certainly known. They may consist of aerial 
undulations, or they may be aerial pirticles of the 
odorous siibstance. In either case they are extremely 
delicatOj air containing only a millionth jiart of hydro- 
gen sulphide having a distinct odour, whilst a minute 
portion of musk will continue, without appreciable loss 
of weight, to render ita'presence perceptible in a lai^ 
apartment for years. Odorous emanations are eon- 
ducted to the nostrils by the air ; and watsr or eau de 
Cologne, however strongly they may be impregnated 
with odorous substances, convey no injpressioa of smell 
when they are made to fill the nostrils. The air must 
also be in motion, and to effoct this a respiratory effort 
is made, by which a current is directed towards the 
upper part of the nasal cavities. The olfactory nerve 
is the nerve of smell, and through it we perceive 
aromatic, nauseating, and other odours. Attempts have 
been made to classify odours, without success; but after 
section of the olfactory nerves in animals, and in cases 
of disease in man, certain stimulating odours can still 
be perceived; and the retention of this power must be 
attributed to the sensibility of the mucous membrane 
generally, which is supplied by the fifth nerve. In 
order that distinct perception of smell should exist, it * 



Human Phvsiology. 



is necessary that the nasal mucous membrane Bhould-I 
be moist. The use of the sense of smeU is, to guidal 
the animal in the selection of food, and to the respinicB 
tion of pure air. Foul smells are often, tliough QOb/] 
always, associated with unwholesome emniuitious. 
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CHAPTER XVI. 

GENEEATION AXD DEVELOPaEHT, 

The faot that any animal or vegetable substance, 
when kept moist ajid exposed to tlie air and light, 
begins to teem with life, formerly led to the 
belief in the occurrence of Bi>ontaneous geueration, 
and even animals so liigbly organised as flies or 
were supposed to originate without parentage. 
uppUcatton of more exact methods of obsen'Stion ti 
physiology has, however, sliown that in proportioi 
the perfection of the means by which the decftyingj 
bodies of aniDials or plants are protected from ih^T 
access of living animals or their ova or germs, thu 
appearance of new life becomes more and more rara^fl 
until at lengtli, when they ai*e totally excluded^ fl 
though chemical changes may take place which resull 
in tliQ decomposition of the body, no form of luiiiu^ 
or plant life can be discemeil The difficulty t 
Buggesting any mode of preventing the a 
germs to an infusion of plant or animal tissu^ 
satisfactM^' to an opponent, is, however, remarkablu 
great, and attempts have even recently been made ta 
demonstrate the appeai'once of life without the e 
teuce of parents, though the organisms thus belitn 
to be produced belong to the simplest forms of Ij 
m'tli which we are acquainted. If an inl'usiot 



turnip, carrot, muscle, nei've, or skin be e 
tightly-stoppered vessel, aad exposed to the warmth and 
light of tlie sun, it is found in a day or two to awanu 
with minute, and indeed microscopic, beings — monadfi 
infusoria, microapores ; but it is easy to suggest that 
the (.ircumambient air contains enoi'mous numbers 
of spoi-es, which, though invisible even to microscopic 
investigation, may yet be capable of producing new 
Ufa The reply that has been made to this, aud which 
appears at first sight satisfactory, is, that such infusions 
may be placed in vessels with long necks, and made 
to boil, which may reasonably be supposed to kill all 
germs, and tliat whilst boiling, the neck may be 
liermetically closed by fusion of the glass with a blow- 
pipe flame, and that still organisms appear in the 
infusion. It is here, however, that the controversy 
rests, and the misfortune is that the positive experi- 
ments of the one side ai'e the negative of the 
other. Those who maintain the doctrine of biogenesis, 
and that life proceeds from life alone, contend that 
in proportion to the caro with which the whole pro- 
ceedings tending to exclude germs are conducted 
(as, for example, the purity of the surrounding air ; the 
length of tiizie the ebullition has been continued ; the 
avoidance of the entrance of a bubble of air in the act 
of fusion of the neck, or, if this expedient be not 
adopted, the packing o£ the neck, made tortuous, and 
filled with woo! to act as a filter) the more com- 
pletely sterile do the infusions become ; whilst those 
who hold tbe doctrine of abiogenesis can only point to 
the presence of life on the globe, and ask, apai-t &om 
creation, how it could have originated, and why it 
should be held to be impossible that a certain abro- 
gation of chemical elements should possess those 
properties to which the term " vital " is applied. 
Granting, then, that so far as we know at prpspnt, all 
life proceeds from some antecedent form of lii'e, the 
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modes in which new creatures appear may be redaceU 
to two, the asexual and the sexual. Both forma ara 
met with in plants and both in animals. 

The chief varieties of the a»exual mode are fission, 
gemmation or proliferation, aa in the evolution of 
young from detached buds, and paithenogenosis. 
The sLmpleat form of asexual generation is that 
presented by the Amceba, in which the body 
separates into two parts, each of which is as capable 
OS the other of maintaining its own lifa This is 
termed JisnioH. It ia probably perfoi-med under the 
influence of abundant nourishment and a certain 
temperature. A form of fission is common in Alga, 
in which the protoplasm of the parent cell breaks tip 
into separate masses, which, growing, burat the cel^ 
and begin life on their own account. In ge'imnaHon, 
an outgrowth takes place, without sexual connection, J 
from some part of the parent, which under faTonrablflf.^ 
circumstances may reproduce the entire plant 
animal. In some instances the bud remains co 
with the parent st^m ; in others it becomes detached 
Gemmation may be coincident with the occuii 
the same organism of sexual generation. A thi 
form is conjugiuion, or coalescence, seen ia some of 1 
the lowest forma of life, as in the algaa and in tha 
Gregarinida, when two neighbouring cells each develop 
e. protrusion, and when these meet, the septa break 
down, the contents of the cells mingle, and a new 
individual appears between the parenta The proceea 
resembles in some important respects the sexual mode 
of reproduction. In ]>arthKnoffenesia new individuals 
are developed from virgui females, by means of ova, 
without the intervention of a male. The remarkable 
mode of development termed the allertiaCion o/</enera^ 
tion constitutes a kind of intermediate form between<- ] 
the sexual and asexual modes of reproduction, fpt'i 
' vMIst embri'OH are produced by sexual reproduction,' 



these develo}) into orgamBms ■which are capable of 
propagating tbeiv like in an asexual man&er, some- 
times for eeveral generations, when they Buddenly 
assume sexual charact«r8, and once more produce 
their young by sexual generation. One of the ex- 
amples which has been most carefully and completely 
followed is the tape-worm, which is an hemiaphrodite 
animal, living a parasitic life within the intestinal 
canal, with testes and ovary in the same animal. 
Segments of the tape-worm containing numerous 
impregnated OTa are diachargeii with the fasces, and 
are called proglottidaa. In the interior of each ovum 
an emhryo, provided with six hooks, is developed, and 
enters the body of some other animal with its food ; 
the act of digestion frees it from its covering, and it 
immediately bores its way into the tissues, and be- 
comes a vesicular worm, or cyttvxreua. One or more 
heads or vesicles develop within the vesicle. The 
cysticercus is now swallowed by another animal, and 
the head hxes itself in the intestinal canal of the new 
host, and forms a acoUx, 'which by budding produces 
a long chain of segments, each of which, when fully 
developed, is the sexually mature tienia. 

Sexual generation is the mode in which reproduc- 
tion is effected in all the higher forms of animals. 
It is usually and beat accomplished in the maturity of 
life, after full growth and development are completed, 
and before the physical powers are weakened by the 
advance of age. It is the result of the union of a male 
element named the sperm, with a female element named 
the ovum. In some instances, es in iishes, the fertili- 
sation of the ova is effected without the body, but in 
the majority of cases the impregnation of the ovum 
takes place within the body. In some instances the 
ovum is sufficiently large to supply all the material 
I for the growth Biid development of the young, and is, 
'n birds, discharged from the body, and kept warm 
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ettliev by the heat of the body of the parents or by 
exposure to the sun's rays. In mammals, however, 
the ovum ia very small, and is retained in the body of 
the uterus, from the vessels of wjiich it indirectly 
receives its aupjilies of oxygen and of food 

Functions of the male organs. — The male 
nT«;ans are tho penis and testes. The testes prepare 
the fertilising agent, or spermatic secretion. The 
penis serves as an intromittent organ, by which tho 
sperm ia injected into the neighboarhoocl of the os 
uteri, or directly into the cavity of that organ. For 
the structure of the testes and spermatozoa see Klein's 
" Elements of Histology," p. 249. 

The seminal fluid. — The sperm or seminal fluid 
is semi-solid or gelatinous, of whitLsh colour, peculiar' 
odour, which haa been likened to that of moist dough, 
and which is developed only at the period of emission, 
as it ia imperceptible in the fluid contained in the 
vesiculce snminales, or in any of the other secretions 
which are discharged coincidently with the sponn, 
such as the prostatic secretion, or the secretion (rf 
Cowpei's glands. Its reaction is slightly albalina 
Exposed to the air it dries up, and stiffens linen lifce 
starch. When such spots are moistened and examined 
with the microscope, spermatozoa may be recognised, 
the addition of carmine solution bringing the heads 
prominently into view. The spermatic fluid obtained 
from the vas deferens is pasty, whitish, and is com- 
posed of nine-tenths of spermatozoa and one-tenth, 
clear fluid ; but when it has reached the ampullk 
of the vas, it is mingled with a brownish fluid, whioh 
alters ita colour and renders it thinner, In caeea of 
repeated coitus at short intervals, the fluid contains 
few spermatozoa, and is chiefly composed of prostatia 
fluid and the mucus of the vestculie aeniinales. T): 
object of thi'. prostatic fluid seems to be to rendi 
it more fluid, and to facilitate the movement of 
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Bpermatozoa. Tiie cliemical composition of the sper- 
matic fliiifl ia : 



SppTOiiilin B-0 

Fst ^'3 

MflfTneBiiiin nnJ fnldum phosphate ■ ■ .3(1 

Sodium phosiiliata I'O 

AmmomatO-nmgnuaiun phuajihiitp . . m trai'O. 

Spermatin is an organic suljstance, resembling 
mucin and albumin. It coagulates on the addition of 
alcohol, and the coagulum dissolvea when treated with 
liquor potaasffi ; but when the potnah m neutralised 
with nitric acid, it does not, like albumin, undergo 
precipitation. It also differs from albumin in not 
being coagulated by heat. Spermatin is chiefly 
formed in the vesiculie seminales. The spermatozoa 
are formed in the tubuU seminiferi. They are not, as 
a rule, formed before the age of sixteen or seventeen. 
They continue to be produced to an advanced period 
of life, having been found at the age of ninety and 
upwards. They move in a spiral manner by a vibratile 
motion of the long tail. The movements are aiTested 
by cold, the addition of a little snow stopping tlieni 
in less than a minute, by the additioa of acids, one 
part of hydi-oohloric acid in 7,500 of water rapidly 
killing them, and by various poisons, such as opium 
and strychnia. They are killed by a temperature of 
50° C., and by the passage of an electrio cuirent. 
Their a^itivity is favoured by the addition of 
slightly alkaline fluids, such as the serum of 
blooii and milk ; and they have been seen in 
action in the generative passages of the female 
eight or ten days after coition. It is owing to these 
movements that the spermatozoa are able to perforate 
tie thick albuminous coating which Horrounds the 
vitellus. The movements are not often perceptible in 
LBpemiatoznii tnl;en fi-om the tubuli seminiferi, but are 
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apparent in those taken from the vaa deferens or 
vesiculfe eeminalea. The motility of Bpermatozoa 
not be confounded with their Titality. Their 
motility is the persistence of their movements ; 
their vitaHty is the persistence of their power to 
fecundate the ova. In the practice of pisciculture 
the ova of the trout, salraon, or other fish, are 
obtained in a dry state hy gentle pressure of 
the abdomeu of the female over a vase. The 
spermatic fluid of the male ia, by the same means, 
made to cover them. But the two may long remain 
in contact without fecundation occurring, tlie sper- 
matozoa being motionless. As soon, however, as a 
little water is poured over them, the spermatozoa 
begin to move, ant! almost all the ova are fecundated 
in the trout in less than half a minute. The sper- 
inatonoa of man can tvaverse 2'7 mm. in the space of 
one minate. According to Fort, monorchids, or those 
in whom one testis has not descended, but remains in 
the abdomen, produce no ^ermatozoa on the side 
of the retained testis, hut are capable of procreating 
children of both sexes with the other. Those in 
whom neither of the testes has descended are in- 
fertile, though the testes present theii- normal 
stnictuve. The spermatic secretion is formed con- 
tinuously, and though in great part re-absorbed, 
yet gradually accumulates in the vesiculie seminaleB, 
from whence it is discharged, in the absence of 
all seXTial c.xcitement, in many cases perfectly 
naturally, about once in three weeks or a 
Self-abuse, too often practised hy youths, is strongly 
to be deprecated, since it produces both mental and 
physical exhaustion, incapacity for work, and un- 
wholesome trains of thought. 

Erection. — Under ordinary circumstances the 
penis is soft, flexible, pendulou.s, and of small voludofl.. 
buriiig sexual excitement it acijuires a lai^er volume, 
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^d beooroes erect, rigid, hotter, and much more 
Bensitive. The object of these changes ia to render it 
efficient aa an intromitCent organ, and to enable it to 
conduct and deposit the Bemen at or near the mouth 
of the uterus. The cause of erection has been the 
subject of much controversy. There ean be no doubt 
that the vessels not only contain more blood, but that 
the circulation through, them is more active. The 
jMressure of the blood in the vessels rises to one-sixth 
that of the pressure in the carotid. The arteries 
undergo active dilatation under the influence of the 
vaso-<liIator fibres contained in the nervi erigentes, 
which in the dog arise chiefly from the second sacral' 
nerve, and contain ganglion cells in their course. The 
centre for these nerves is in the lower part of the 
apinal cord, and it may be excited in various ways, i 
by stimulation of the sensory nerves of the penis, and 
by psychical processes. The fulness of the vessels thus 
induced is aided by the contractions of the erectores 
penis, which, forming a tendinous expansion o 
dorsal vein of the penis, hinder the return of blood ; 
&nd also by the contractions of the transversus perinfei 
profundus, and of the accelerator urinte, which c 
tribute to render the bulbus urethrae rigid. 

i;jaculatloii.— The semen is stored up in 
vesiculte seminikles, which are long sacculated tubea 
with muscular walls, contractions of which are in- 
duced in response to stimulation of the nerves of the 
penis. The fluid they discharge is driven along the 
urethra by the contraction of the muscular walls of tJiat 
tube, of the accelerator uiinfe and erector penis muscle. 
The nervous circle is completed through the sensory 
Bei-vee of the penis ; the ejaculator, or gcnito-spinal 
, centre in the lower part of the spinal cord, and the 
moCor fibres which are distributed to the vesiculEe 
and- to the erector muscles. The sphincter vasiwe is 
^^lasmodicnlly contracted, to prevent the entrance of 
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the fluid into the bladder ; and this ia further pre- 
vented by the swelling of the verunaoixtanura. The 
quantity discharged at each emission varies from on 
to two or thj'ee drachms. 

neuBtruation. — This periodical occurrence : 
coincident with the rupture of a Graafian foUicle, and 
the setting free of an ovam. It is characterised by 
the discharge through the vagina from the utetua of a 
variable quantity of blood, which lasts for one, two, 
or three days, once in four weeks. It is the result of 
a process termed ovulatioTi, which produces a Hush of 
blood to the whole of the generative apparatus ; but it 
is long preceded by a growth of the tunica propria of 
the Graafian follicle which is accompanied with abnn- 
daTit formation of vascular loops, that fill its cavity 
and constitute the expelling force, residting in the bx- 
tnision of an ovum ; whilst the expulsion is facilitated 
by fatty metamorphosis of the folUcular wait, which 
renders it more friable (Fig. 29). The distension of the 
foUicle probably constitutes a stimulus to the nerves 
supplying the ovary, and the afflux of blood to the gener- 
ative organs is a reflex action. The congestion thus 
induced causes increased transudation into the foiUcle, 
diapedeais of numerous white corpuscles, and in- 
creased thickening of the wall, which at length gives 
way at its cro\vn or weakest part, which is destitute of 
blood-vesaels and lymphatics, and the ovum escapes. 
The whole of the generative organs participate in the 
congestion, the mucous membi-aim of the uterus be- 
coming thicker, mora spongy, and liyperiemic ; forming 
the decidiM TTKUBlrualu, winch diflers from the decidua. 
of the impregnated uterus in the small size of the 
Bjtheroidal cells that are developed in the intei^ 
glandular tissue. According to Dr. Williams, tbe 
epithelium and the uterine glands, with the mucous 
membrane, undergo fatty degeneration, and are-^in. , 
,^TPAt part thrown off', renewal taking place from ttie 
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deeper portions « bioli still remain With the changes 

in the generative organs other r 

effects are observed. The breasts enlarge and i 

rendered more aenaitne There is f 

turbance with general lasaitude and indi position to 
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work The quantity of blood discharged yaries 
considerably but is ebtmiated as amounting on the 
uen^e to about 300 gi-ammes. It presents no 
peculiarities,' except that on account of its admixture 
with mucus nnu oJier matenak seireted by the 
vaginnl mucous membi me it has little or no tendency 
to coagulate The majonty of women men-itniate 
during the fii-^t qttiiter of the moon, few only at tlie 
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le of Uie new or full raoon. The first c 
menstruatioa is usually between the thirteeuth and 
ttie fifteenth year. Brunettes are said to commence 
earlier than blondes, but in this respect heredity, 
social position, and mode of life, togetiier with cli- 
matic conditions, are powerful factoi's. Warmth, 
abundant fond, and luxurious liabita of life tend to 
render its appearance earlier. Menstruation is a 
sign of sexual maturity, and as long as it lasts it is 
posaible that a woman may bear a child. It usually 
ceases, after iirst becoming irregular, between, the ag«i 
of forty-five and fifty. 

Formntion of corpas luteiim. — As soon as the 
ovum has escaped, the cavity of the Graafian follicle in 
which it was contained becomes filled with blood, which 
floon coagulates, and with it the cells of the membrana 
granulosa. The rupture of the ovarian wall cicatrises, 
the serum of the copulated blood is re-absorbed, the 
haemoglobin becomes converted into hamatoidin, and 
the vascular wall of the follicle develops villous-like pro- 
cesses, which project into its interior, and contain many 
capillaries and numerous cells, Diapedesis of white 
corpuscles takes place to a large extent. Tlie cells of 
the membrana granulosa multiply and form laminte, 
which are superiiuposed upon each other, and sub- 
sequently undergo fatty dc'gnneration with the forma- 
tion of lutein and fat, the yellow colour of which has 
led to the application of the term corpva liUetim 
gpurium to the now gradually disappearing remains of 
the Graafian follicle, which is scarcely visible at the 
expiration of four weeks. If pregnancy take place, 
the larger supply of blood to the whole of the genera- 
tive apparatus causes the corpus luteum, then colled 
the corpus liileum verum, to increase to so great an , 
extent, that even at the time of delivery it may- 
measure nearly half an inch in length, whilst its I 
ooloar is much deeper, and some traces of it remain 
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occurrence of pregnancy, 

Fccnndatlon. — ^Thia consists in the fusion of 
tlie ntEile witli tlie female element, the spermatozoon 
with the ovum. In order that it should be effected 
it ia necessary that the spermatozoa, after en- 
trance into the uterus, should be living and active, 
and that in tlie female the passage from the 
ovary to the vagina ahoukl be free. The ex- 
periments of Newport render it probable that the 
fusion of many, or at least of several spermatozoa, with 
one ovura are required to thoroughly fertilise it, for 
he found that in the case of the f rc^, when one of the 
ova was touched with only so much of the sperm as 
was taken up on the point of a fine needle, fertili- 
sation either did not take place at all or was 
evidently only partial, the subsequent development 
being imperfect ; whilst other ova, to which a 
larger portion of male element was applied, under- 
went complete development. In some animals, as in 
moat of the carnivora and in ruminants, there is a 
definite time, known as the rut, or rutting season, at 
which alone the female will permit coitus to take 
' place, and when fecundation occurs ; but in other 
instances, as amongst rodents, marsupials, and others, 
coitus is frequent, and there is no definite season for 
the fertilijatiim of the ova. In man, coition and 
fecundation may apparently occur at any period. 
Fertilisation of an ovum is not necessarily coincident 
with coitus ; nor can the females, except in rare cases, 
state precisely when it occurs. In all instances the 
spermatozoa must moke their way, by virtue of their 
vibratile movements, along the cervis uteri into the 
body of that organ, and the occurrence of ovarian, or of 
extm uterine, or of tubariaa pregnancy, in which the 
- fecundated ovum begins to develop within the 
I ovary, or becomes attached to some part of the 
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peritoneal cavity, having missed the upper opening of 
the Fallopian tube, or develops in the Fallopian tube 
itself, conclusively piovea that the spermatozoa can 
make their way through the whole length of the 
uterus and Falloirian tube to the ovary. It is pi-o- 
bable, however, that impregnation generally takes 
place in the upper part of the Fallopian tube, whilst 
the ovum is descending iiailly by the action of the 
vibratile cilia that line the tube, and partly by the 
periBtaltic action of the nkuseular wajla ; and up to 
whioli point the Bpermatozoa have made their way by 
their own movement in opposition to that of the 
uterine cilia. The unfecundated ovum descends 
through the utei'us, and is dissolved or discharged ; 
the fertilised ovum, on the oontraty, is an'ested in its 
course through the uterus, probably owing to the 
greater turgidity of its walls when fecundatiou has 
taken place, and becoming attached undergoes its full 
development. Accoi-ding to Landois, twiu«, or 
double impregnation, occurs once in &1 deliveries, 
though more frequently in hot climates \ three at & 
birth once in 7,600 ; four at a birth once in 330,000. 
More than six at a birth have not been obsei-ved. 
The average number of impi-egnations for each woman 

I'he ovum. — -The ovum, or egg, is produced by 
the female. It is small in man, but very large in tlie 
bird or reptile, and its sevei-al paiia are best studied in 
these animals. In its young condition in all animals 
it is a simple cell. 

Ovum of Uie bird. — The parts of the ovum of 
a bird are : 1. An external calcareous coating oi- ihell 
which is porous, and permits the passage of air and 
moisture. 2. Two Ihin meTiibraitea, which, closely^ 
applied to each other throughout the greater \ia,vt 
of their extent, become separated, shortly after the egg 
Jias been laid, at the large end of the egg, and 
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contain a bubblo of air betwoea them at this point 
S, Next comes the albumin, which is deposited i 
lajei's, and can be detatched in a hard-boiled egg in 
flakes which have £i spiral direction ; clie outer layei' 
of ihe albumin is less firm and consistent than the 
inner. 4. At each end of the egg the albumin 
forms a distinct gelatinous mass, which Btretohea 
between the yolk and the shell, and which i-esifita 
coagulation by heat rather longer than the other pai-ta 
of the albumin. These masses are twisted spirally, 
but in opposite directions, and are believed to aid in 
keeping the yolk in position. They are named the 
ehalazce. 6. If the albumin be entirely removed the 
yolk is seen to be Burrounded by a delicate membrane, 
termed the vitelline membrarte. 6. If an egg be laid 
on its side and the shell be broken by gentle taps, it 
is eaay to pick away the shell and liniag membrane 
over a space about equal to a threepenny piece with- 
out damaging the yolk. The paH of the yolk exposed 
presents a small round spot of lighter colour than the 
rest of the yolk, which is an indication of a separation 
o£ tlie yolk into two parts, which have a marked 
difference in their use and purpose ; the light yolk is 
the germ, yolk, or blastoderm, which alone under- 
goes segmentation, and is directly converted into the 
body of the embi-yo ; the yellow yolk, though it 
ministers to the development and growth of the 
embryo, does not undergo segmentation, and is hence 
called the "food yolk." 

The circular patch of white yolk, also named the 
dealricula or tread, may be seen on section to give 
ofl' a process that dips into the yellow yolk to near its 
middle, where it dilates into a kind of vesicle ; the 
whole somewhat resembling a Florence oil flask, tlie 
mouth of which is a tittle expanded. Whatever part 
- of the aide of the shell is chipped away, the blastoderm 
iriably comes into view, and the yolk being lighter 
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than the albamin floats up to near the surface. 
The yellow yolk when boiled, or otherwise hardened, 
presents concentric markings, that are termed 
haloneg, and it is then seen to be invested ex- 
ternally by a thin layer of the white yolk prolonged 
from the luaigin of the blastoderm. The yellow yolfe 
is composed of small spheroids, which contaia no 
nucleus, hut are tilled with minute highly refractile 
albuminous gi-anules. The white yolk is also com- 
posed of spheroids, but these differ from the spheroida 
of the yellow yolk in being smaller and in containing 
a nucleus. *Eggs which, like those of the fowl, consist 
of two parts, one of which undergoes segmentation, 
whilst the other does not, are called "meroblaatic." 
Hggs which, like those of mammalia, undergo total 
aegmentation, are termed " holoblastic." 

Chemical composition of the foirrs egv. — 
The shell 'is composed of 4:'15 per cent, of organic sub- 
stance, chiefly albumen, impregnated with calcium 
carbonate to the extent of 937 per cent, and oontain- 
ing also small quantities of magnesium carbonate (1 '3d 
percent), ciilciuiiiphosphate(0'7fl), andiron phosphate. 
The yolk consiatB of 47 "1 per cent, of water, 15'6 per 
cent, of albumin, 31-3 per cent, of ether estraot, chiefiy 
fats, 4-8 per cent, of alcohol, and 0'96 per cent, of in- 
organic salts. Amongst the substances which haTS 
been isolated are ; vitellin, which is the characteristic 
albominoua compound of the yolk ; nuclein, chiefly 
obtained from the white yolk ; lecithin, glycerin, 
phospjioric acid, cholesterin, palmitin and olein, 
a pigment named lutein, aud grape sugar. 

(K-um of man. — The human ovum differs in 
several partieiilara from that of the bird. It is 
extremely small, hnving 11 diameter of only about 
yl^th of an inch. It lias an external investment named 
the zoTiapellitcidn (Pig. 30, b), which is of considerable 
tJiickisess, and capaVile of resisting tolerably strong 
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pressure, returning to its spheroida,! form as Boon 
as the pressure is i-emoved, by virtue of its elasticity. 
It presents a tine radial strifttion, due to the presence 
of line canals. This membrane (zona radiata) cor- 
responds appai-ently to the vitelline membiaue of the 




egg of the bird, for it directly invests the yitellwfl, 
which is here gi'annlar and conti-actile. In the midst 
of the vitellus is a nucleus named the germinal vesicle. 
or vesicle of Furkinje, containing nucleo-plasma and a 
nucleolus named the Qerminal epot, or spot of Wagner, 
both of which may be seen under the microscope. 
Besides the nucleolus, some small corpuscles have been 
noticed by v. Benedeo, which have been named 
pteudo-nuchar bodies. 

mode of orf iln of tlie ovum. — If a trans- 
verae section bo made through the body of the embryo 
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^^H bf & fowl ubout tLe close of tJie fourtli day, tLd|^H 
^^F abdominal cavity ia seen to be lined by pavemeat^^H 
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iibout tlie close of tJie fourtb 
cavity ia seen to be lined by _ 
epithelium, whiab becoraea columnar at the level of the 
Wolffian body (sea Fig. 31), and is hei'e named the 
germmiA ^Dteliv.in^ As the embryo develops, tlus 
columnar epithelium becomes limited to the inner and 
outer parts of the surface of the Wolffian body ; the in- 
termediate cells being fiat The canal oi duel of VuUer^ 
which subsequently bei^omes the oviduct, is farmed »t 
tiie expense of the external germinal epithelium , th© 
oiarj or sexual gland of thp female la develf^ied 

A" 



Pig .31.— Diftgmm ehowing eBiIy Differentiation of Purta in Blastodonn. 

from the internal germinal epithelium, for in the 
midst of these columnar oeUs other colls make their 
appearance, which are larger, isolated, and spheroidal , 
these are the primordial ovules. These ovules, or 
female germs, exist at an early period in both sexes. 
In the male, according to Waldeyer, they disappear,. 
the male elements developing from the Wolffian canal ; 
but according to Semper, both male and female ele- 
ments originate from tiie columnar epithelium. 

Derelopmcnt of the ovum.— TJic ovum, t 
descends the Fallopian tube, usually has numerous, 
cells of the discus proligerus still adherent to it. In. 
some animals, as the rabbit, the ovum receives 
albuminous covering of considerable thickness, wbitst' 
t the dog it ia very thin. Sfgin^ntalion comiuenow 
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l*dnriiig its descent. In t.hia process a groove 
^'■whioh speedily divides the ovum into twopait; 
^one, named the epiblastic sphere, is larger and 

■ transparent than the smaller, oi' h»fpoblastia, sphere. 
' Each sphere soon undergoes subdivision into 2, 4, 8, 1 6 

■ spheres, and so on, but with such change of position 
Uiat at the close of segmentation {that is, at the close 
of the third day in the rabbit) the larger granular 

' faypoblaatio spheres constitute a, central solid mass, 
'almost entirely surrounded by the smaUer, clearer, 
and somewhat cubical epiblaatic spheres. The seg- 
mented ovmn now enters the utenis, and nndergoes 
B. series of changes, which result in the formation of 
"the blaatodentiia vesicle. This is produced by the 
* separation of the epihlast from the hypoblast, and by 
the formation of a cavity in the centre of the ovum 
' filled with fluid. The greater part of the walls of 
I ■ this cavity are formed at first of a single row of 
flattened epiblastic cells, whilst the hypoblast cells 
form a small lens-shaped mass attached to the inner 
1 side of the epiblaat cells ; but very soon the hypo- 
J'blast cells spr^d out on the inner side of the epiblast, 
'''the central thickening, however, fonning an opaque 
Btmi'onlar spot on the blastoderm, which ia the com- 
n inencement of the embryonic area. A day or two 
'•''later this spot presents three layers, a new inter- 
ft' mediate layer, termed the inesoblast, having made its 
''appearance. The blastodermic vesicle now cornea to 
present three areas ; — (1) The embryonic area, formed 
of thi-ee layers, epiblast, mesoblast, and hypoblast ; 
(2) the ring around the embryonic area, where the 
" -walls of the vesicle are formed of epiblast and hyi>o- 
h- blast; (3) the area beyond this again, where the 
r vesicle is formed of epiblaat only. Speaking generally, 
pthe epiblast gives rise to the central nervous system, 
'o the epidermis and epidermoid tissues, as the hair and 
^ nails, and to the epithelium of the organs of sense ; 
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ioit forniB the gi'eater part of the tissues of 
such am the caiis, muscles, bones, and tho 
_ -glands ; whilst from the hi/poblast originate the 
epithelium of the intestines and the cells lining the ducts 
of those glands which arise from it by a process of invo- 
lution. The blood and blood-vessels and connective 
tissue arise in the fowl from the elements of the white 
yolk which lie external to the embryonal rudiment, 
and have hence been called parablastie formations in 
opposition to the arckiblaetic formations which arise 
from one or other of the three layers of the embiya 

Primilfve streaJc. — mediillaxy folds. — Early 
on the seventh day in the rabbit the embryonic area, 
previously oval, becomes pyriform, and at its posterior 
and narrower end a jrrimitim 
streak makes its appeai'ance, dua 
to a proliferation of rounded 
oells from the epibjast. On the 
eighth (lay two folds ariaa, 
bounding a shallow median 
groove. These meet in front, 
and divei^e behhid, enclosing 
between them the front end of 
the primitive streak. They are 
p^iSm? iS^'h^'tile the viedullan/ folds, and consti- 
Atm, Oimca, wbiob is tutethefirstdelinite tracesof the 
«,&^alK■llllddl.;^TlI<■ll[ls, embryo. The thickened axial 
portion of hy]]obla9t beneath aud 
between tlie medullary folds becomes separated from 
the latei'al parts and forms the notoc/wrd, the fore part 
first becoming distinct. That ]»art of the blastodermic 
vesicle which is included in the embryonic area alone 
takes part in the formation of the embryo; the re- 
maining, or non-embryonic part, foiina the umbilicai 
iteiicie, which is particularly well seen in hah, where it 
is lai^ and long remuna visible as a sac appended ta 
tie bod^. The umbilical vesicle contains the food yolk, 
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Ilpliich is very Email in quEintity in mammals, and is 
gradually abaorl>ed, being apjilied to the nutrition of 
the gi-owing embryo. The lateral masses of meao- 
blast, from which the 
notoehord has separated, 
begin to divide into a 
vertebral zone bJj' ' 
the embryo and a 
periphei^ lateral 
and the vertebi'al 
exhibits indicationB of 
two Bomitea, the foi-e- 
most of which marks the 
junction of the cephalic 
region and trunk. A 
delicate clear ring now 
appears around the em- 
bryonic area, which is 
believed to I'epresent the 
peripheral part of the 
t«rnal to this is 
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pellucida of birds, and ex- 
i vasculoaa. Even 
at this early period, before any 
folding off of the embryo has 
occurred, traces of the heart aia 
visible, in the form of two tube- 
like atructiirea running longi- 
tudinally in tlie lateral nieisses 
of the mesoblast. In the process 
of the folding off of the embryo 
the head fold appeara first, and 
ia deepest, and it is soon followed 
by the tail fold. The medullary 
groove, still open, now begins to 
close, from before backwards. 
fearly coincidently with the formation of the primary 
ibrse, a fissure appears in the lateral masaoB of the 
iblastj which is the coHujiencement of the pfew»v 





I periUmeal cavity; the lower lamina is tlie aplanchno- 
ple'ire, ■which, folding inwards sharply, forms the 
of the intestine, which is lined by the liypohlaflt ; whilst 
the outer, or upper, lamina is named the somatoplewre, 
and also folding inwai-ds, hut with a much wider curve, 
forma the wall of the body. The heart appears in the 

. apace between the two. 

I Formation of the amnion. — When the em- 

f bryo {Fig, 35) has become separated ofi' by an inflec- 
tion of the wall of the blastodermic vesicle from the 
general yolk cayity, a circular fold of the somato- 
pleure and epiblast arises {kg, us), the circumference 
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of which, jE^radually approximating towards the middle 
of the back of the embryo, ultimately meets, and tlie 
double septum existing at all points is absorbed. Tlie 
embryo thus comes to be invested, except below, by a 
membranous sac, which is continuous with the akin, 
and which is formed of the aoraatopleure, lined by 
the epiblast. Fluid is secreted both within and 
without tlie sac. The fluid betwf^en the skin of the 
ewbr^-o auA the inner layer of the aiic occupies the 
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cavity of the amnion, and is termed the liquor amnii, 
whilst the free membrane separating the two portions 
of fluid is the true amnion. The outer layer of the 
sac, consisting of somatopleure internally and epiblast 
externally, which is called the false amnion, or subzonal 
memhrane, soon coalesces with the vitelline membrane, 
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Fig. S6.<-Dia2rain to show the complete Formation of the Allantois. 

am. Amnion ; al, allantois : dom, umbilical duct ; ds, umbilical vesicle ; 3, villi ; 

eh. pr., chorium primitivum. 

and the fluid between it and the true amnion under- 
goes absorption. The amnion may now be regarded as 
a serous membrane, being a continuous sheet of mem- 
brane, and having an internal or visceral, and an ex- 
ternal or parietal layer. The visceral layer, near the 
point where it becomes continuous with the skin of the 
embryo, curves downwards and inwards (sk. Fig. 35), 
and comes to invest the vitelline duct (dom), and thus 
ultimately forms a tubular sheath around the umbilical 
9ord, The amnion possesses some contractile power, 
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I uwing ia the presence of fusiform cells of unstriated 

L muscular tissue, which are derived from the soma- 

I topleure. It executes alow rhythmical pulsations, 

I which rook the embryo to and fro in the egg. TLe 

aeroua layer (ch.pr, Fig. 36) sends forth numerous 

' villi, which project from the whole 

periphery of the vitelline membrane, and constitnt« 

the primitive chorion. 

Liquor amnll. — The liquor amiiti is a cle&r 
yellowish-green fluid, of peculiar odour, in which 
epidermis, hairs, scales, and particles of fat, cast 
off from the skin of the embryo, float. The quantity 
is larger near the middle of pregnancy than towards 
the close, when it uaually amounts to about a pint. 
Its reaction is alkaline ; Its specific gravity varies from 
1-002 to 1028, and in general it i-esembles diluted 
blood serum. It contains albumin and globulin-like 
substances, a fermentable sugar, lactic acid, kreatinin, 
nrea, and the usual salts of the blooiL The urea is ex- 
d by the kidneys of the fostus. The liquor amnii ia 
[ ©SBentially formed by the fmtus, part proceeding from 
the skin, part from the fcetal chorionic capUlaiies, 
which are closely applied to the amnion and to the vasa 
propria of the limiting membrane of the placenta, and 
partly from the kidneys, the evidence of which is the 
very small quantity of liquor amnii found in cases 
where the fcetal kidneys are congenitally absent A 
portion, however, is probably also supplied by the 
mother from the numei'ous vessels of the decidua vera, 
The uses of the liquor amnii are to (ill the uterine cavity 
evenly ; to protect the fcntus fi-om injury through the 
abdominal walla of the mother ; to give room for, and 
to prevent the mother from being incommoded by, the 
fcetus; and to facilitate delivery by forming an elastic 
pad, equably dilating tlie external parts. 

The allamols.— This orgun is Ear more highly 
. d^velopetl in reptiles aud birds tJian in mammals. It 
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is the means by which the hlood is aerated, a process 
which in mammals is very early effected by the 
interchange of gases between a thin layer of the 
ftetal blood and a corresponding layer of the maternal 
blood in the plaoenta, but which is provided for in 
birds and reptiles by the expansion of the vascular 




allantoia immediately beneath the shell of the egg. 
It arises as two projections, which soon coalesce, from 
the splanchno-pleure at the posterior extremity of the 
embryo. It is seen in Fig. 37, where it ia marked 
al, aV, and grows first into the pleuro-peritoneal cavity 
of the embryo and then into the space between the true 
and the false amniotic cavities. It gradually extends 
over the einbrj^o in tjje direction pf the arpQwa in Fig, 
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37, and lies over the embryo aud true 
diately beneath the shell iu the fowl's egg, from which 
it is separated only by the falae amnion and vitelline 
meitibi'ane. It never attains this size in mammals. 
From its mode of origin it is necessarily at first com~ 
posed of two layers, the entoderm and that portion of' 
the mesoblast which forms the hbro-muacular layer of 
the intestine ; but as it increases, the entodermaj layer 
aU ceases to grow, whilst the mesodermal plate eia- 
larging applies itself to the primitive chorion {ch-pTf 
Fig. 37). The aUantois ia the medium of the second 
circulation of the embryo, for in it run the 
embryonic vessels, the umbilical artery, and umbilical 
vein, the branchea of which reaching the periphery in 
this way, shoot into certain of the villi of the chorion, 
converting this from the primary into the secondary 
chorion. Some of the villi, as shown at ch.pr (Fig. 
37), remain relatively small, and form the c/iorion 
Jatve, and ultimately disappear ; whilst others, enlac- 
ing cA.s, becoming leafy and highly vascular, have 
received the name of chorion frondoav.'tti, or placenta 
Jietalis. The commencement or root of the oUautois re- 
mains as the urinary bladder, its outer part, still patent, 
forming in the maumial the urachus, which, however, 
disappears about the second month. The allantoia U 
the organ which receives the urinaiy constituents, for' 
the excretoiy ducts of the primaiy kidneys, or Wolffian 
ducts, open into it, and the secretion, passing by the 
allanlois through tiie umbilicus, enters the peripheral 
part of the urinary sac The fluid of the allantois haa^ 
been found to contain |urate of ammonia and soda,., 
urea, allantoin, grape sugar, and salts. 

The pittceata ffetaUs, the origin of which from 
tlie amnion and allantois has just been deaciibed, 
applies itself to a corresponding hypertroplued pottioa 
of the mucous membrane of the uterus, named the 
jilac'nta nterina (Fig. 38, pl.u). Whilst the yoli[, 
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Bnc [da) gradually dimmislies m faze, owing to 
the absoiption of its contenta, the amnion enlargeK, 
and e\eij«here btLomea opjihed to the iimer fcui-fiitu 




of the chorioa verun 

chorion pHinitivum 

invest the vitelline duct (doiii), the stulk of the 

aliantois, and tbe veaselfi it supports, which collectively 

form the unibilical cord connecting the embryo and 

the litems. The embryo is thna contoinetl within two 

concentrically urranged vesicles, the choripu and th" 
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Bmnion, whicli are both continuous with the bocJy of 
tlio embryo at the umbilicus or navel. But it 
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additional coveringa from the ninfhpr, fnv 

the feciiHdatcd ovu(ti is tirresled in its jmasage down 
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litems, the uterine mucous membrane begins to 
w »p arotmd it like tlie cup of an acorn, and 
Itimately entirely invests it. The proper irall of the 
%terus in the i-eat of its extent also increatea in thick- 
and vascularity, and, as the ftetus enlarges, that 
■JWrtion ■which has grown over it, and which is known 
the deoidaa reflexa, comes into contact with the true 
icouH membrane, which is termed the deeidua vera. 
space exiats between the decidua vera and reflexa up 
to about the third month, but at the fourth month the 
whole cavity of the uterus is 
tilled with the ovum and the 
decidua reflesa. At one limited 
q)ot {mt, Fig. 38) the ovum 
■Jies in direct contact with the 
lldecidua vera, but in the rest of 
its extent it is separated from 
the decidua vera by the decidua 
reflexa. This spot is tbe deddtia 
gerolina, which hecomea the 
placenta. At this spot the 
Uterine vessels undergo great 
■enlargement, and form irre- 
gular cavernous spaces, into 
which the viUi of the chorion 
dip. The vascular villi of the 
fcetus are received into the wide 
blood-veBsels of the uterine pla- 
centa, so that the capillaries of 
the fcetal system are bathed in 
uterina sinuses; and although 
there is no direct communication between the blood 
of the mother imd of the fiEtus, a free interchange of 
gases takes place ; and whilst the uterine blood sup- 
phes nutritious matter to the fretua, the fratal blood 
yields up to it again effete and disintegrated material 
The ends of tlie villi are formed by the inosculating 
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loopn of thd ^sniall arteries and veins of the f 
wliiofc. are characteiised by the peculiarity of mi 
SCT^el*! turns into different loops before termiu 
in & vein. 

The structure of the placenta is somewhat co 
cated. The maternal portion forms the general frame- 1 
-work, into depressions of which are received the 1 
■convoluted vessels dwtributed to the chorionic villi | 
■of the fcetus. The maternal placenta presents 
'Cavernous texture, and sections exhibit wide spaces J 
iand cavities, which intercommunicate freely, and ar^fl 
separated by trabeculte. If a vertical section be niadafl 
ttlm'ough the placenta, the following structures are met9 
wittih an passing from the uterus to the umbilical o 

((Ii) The deaidua serotina. 

(3) The intermediate cavernous portion, filled witfe 
hypertrophied and fi-oadose fistal villi. 

(3) The Bubchorionic septum, which bounds t 
maternal portion of the placenta, 

/4) The placental part of the chorion. 

(5) The gelatinous layer. 

(6) The placenta] part of the amnion. 
The nmblllcal nord.^This constitutes the tx>o» 

nection between the motlier and the ftetus. 
average length is 50 to 55 ctui., or about liO inches. ', 
contains the two umbilical arteries, the umbilical vdn, 
the remains of the allantois with the ui-achus, and il 
invested bv the anjnion. It presents a spiral t" 
which is usually, though not Btways, from right t( 
111 passing from the foitus towards the placenta. 

Development of the hcnrt and vessels. 
The heart is formed in the head fold of tlio embryo, i 
tilt; general p I euro-peritoneal cavity formed by t* 
' separation of the splanchno-pleure from the soi 
pleure. In the duck it has assumed a flask-like 
' . aa early as the lirst half of the second day. I 
iMitcrior end is a alight ewelling indicating the futurq 
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mlbuE arteriosus, and a bulging beLind indic»6ftS' iSiii 

Dsition of the auricles. It receives behind tlie two' 

mphalo-mesaraic veins, which pass outwards into the' 

' Is of the Bplanchno-pleiire. Tn front it divides into' 

) primitive aortiie, each of which curves upwards' 

rmd then backwards, pursuing a parallel course' 

Itowards the t«Lil in the mesobkst on each side of 

Ethe notochord, immediately beneath the protovettebne. 

■About the middle of their course each gives off, at 

T'Wgbt angles to the asia of the embryo, the omphalo- 

Flnesaraic arterj, which i8 distributed over the pellucid 

Iiaikd vascular areas. The vascular area is bounded by 

\Qi.B tinua or -aena terminalU. The blood returning 

I from the vascular and pellucid ureas runs in vessels 

I 'which are the omphalo-mesaraic veuiH, and joins the 

Jleart behind. This ia tlie fifat circulation of tite 

emhryo. Both vessels and corpuscles are formed 

entirely from the cells of the raesoblast, some 

coalescing to form the walls of the vessels, others 

remaining free and becoming converted into blood 

corpuscles. The rhythmical pulsatile movements of 

the heart are visible in the course of the second day of 

incubation in tlie fowl, and before any differentiation 

of tissue can be observed. 

The nest phase is the increasing complexity of the 

heart, which doubles upon itselfj that portion whicli is 

turned to the right, including the curved part, being 

the ventricular portion, the left and more doraally 

situated part lieing the auricular portion. At the 

I .Bame time a series of four additional aortic arches are 

\ iormed anteriorly, though they are never all present 

f together, each arch occupyinga visceral fold, but succea- 

sively unite to fonn the dorsal aorta, which, after a short 

course, divides into the common iliacs, each of -which 

gives off an omphalo-mesaraic artery to the yolk sac and 

capillaries to the tail. The blood returning from the 

|i Capillaries distributed over the yolk sac, enters tha- 
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omphaJo-mesaraic Tains, which unite to form a common 
trunk. The firat or moat posterior part is called th.e 
dtiotus vetioeiis, whilst the part near the auricle is the 
sinus venoaus. The object of the first ftetal circulation 
is the absorption of the yolk, and with the shrivelling 




Ciiculntiaa. (Ssen from behind.) 
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of the yolk consequent on the absorption of its contents, 
the first circidfttion disappears. About this time, how- 
ever, Bmall arteries begin to be diHtribiited to the body 
of the eiubiyo by the aorta, and the capillaries reunite 
to form two main trunks on each side, the jtiytiMr an- 
terior or cai'diiial veins and the posterior rnrdinal 
wiiia, which run pai-al!el to the long axis of the body, 
a little external to the protovertehrse. The two Teiai 
of each side soon unite to form a common trunk i ' "" 
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right angles to themselves, which, ninning inwards, 
ope"iS into the sinus venosua. These tninka are the 
diKtrifi Cuvieri {dc, Fig. 41 a). The jugular or superior 
cardinal vein receivea the blood returning from 
the head and neck, and is soon joined by the vertebral 
and subclavian veins, returning the blood from the 
head ajid wing. The inferior cardinals return the 
blood from the Wolffian bodies. 

About the fourth week of fretal life the vena 
cava inferior («) makfea its appearance, conveying 
the blood to the heart from the tissues above the 
Wolffian bodies; and na these bodies diminish in size, 
imd the true kidneys increase, the inferior cardinals 
atrophy, a^ shown in dotted outline (Fig. 41, b), 
and the vena cava inferior enlarges ; the anterior 
ends of the inferior cardinals unite to form, with 
others on the left side, the small or hemi-a^jgas vein 
(/mi), and on the right the azygoa («), which are 
connected by an oblique communicating vein. The 
ductus Cuvieri become absorbed into the growing 
sinus venose s, or, according to some, form the 
superior venie cavte, so that there are now (Fig. 41) 
three large veins returning blood into the heart, the 
inferior vena cava, with whicJi the ductus Cuvieri and 
umbilical vein have coalesced, and the right and left 
superior venae cavie. A new vein establishes a com- 
munication between the right and left jugular veins, 
and ia the rudiment of the future vena innominata 
sinistra. The left vena cava soon disappears (shown 
in dotted outline, Fig. 41, c), bo that the blood 
coming from the left jugular vein passes into the now 
single vena cava superior (cs) ; the portion of the 
right jugular below the point of opening of tjie right 
subclavian vein {sd) now becomes the right innomi- 
nate {ad). 

Circulalion of the ftctns. — It has been shown 
|st in the fowl tlte first circulation in the embryo waa 
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developed, in order to enable it to abeorb the materiala 
for its nutrition, from the vitelline sac; and it 
noted, that whilst the extent of this circulation, 
through the omphEilo-niesaraic vessels was great in the 
raeroblaBtic egg, in accordance with the large amount 
of food yolk it contains, that it was comparatively 
small and evanescent in the hololilastic egg, on account 
of the early attachment of the ovum to the uterine 
walla, from whence it caa draw its supply of nutri- 
ment by the formation of the chorionic villi with their 
contained allantoic vessela. These gi'adually form the 
placenta, and it is at the placenta that the blood of 
the fcBtus, without intermingling with the blood of the 
mother, receives by osmosis the pabulum it requires, 
and gives up the carbonic acid it contnins in exchange 
for oxygen. The necessity that exists for these pro- 
cesses of nutrition and respiration to take place 
external to the body of the mature fcetus involves some 
special arrangements of the vascular system, and the 
course of tSie blood in the fostus is as follows ; — Com- 
mencing at the placenta, aijrated and well-jiouriahed 
blood runs up the single utnhilical vem to the navel ; 
here it enters the body of the fcetua, and after a short 
course reaches the liver, where the first special 
arrwigement occurs, for it splits into two parts, ona 
supplying the right and left lobes of the large liver, 
the other passing through the dnclta venosut, which 
lies in the longitudinal fissure of the liver, into the 
vena cava inferioT, which also receives the hepatic 
veins containing the blood that has circulated through 
the liver. The blood traversing the inferior vena 
cava enters the right awriale of the heart ; and here 
the second special arrangement occurs, for instead of, 
as in the ndult, passing into the riglit ventricle, it 
J directed by the Eustachian valve along the back 
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kof the auricle to the foramen ovale, and immediately ^A 
inters the le/l auiicle. The left auricle contracting ^B 
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propels it into the left iieniricle, through the mitral 
valve, and from them it is driven into the aorta 
through the sigmoid valves, and is distributed to the 
heail and body as usual. The ah]ect of this disposition 
is apparently to allow aerated blood to reach the head 
in as pure and highly aerated a condition as possible. 
The blood returning from the head descends through 
the jugular and innominate veins into the ntperior 
veTia cava, and from thence into the right auricle. 
This current or column of blood is situated in front of 
that ascending from the inferior vena cava, and 
enters the riir/it ventricle through the tricuspid valve. 
When the right ventricle contracts, the blood is driven 
into the pulmonary artery through the seniilunar 
valves ; and here the third special arrangement exists, 
for the lungs are not yet in action, and instead of 
being distributed to them, as in the adult, it is directed 
through a channel given off by the left pulmonary 
artery, named the rfitdi«ar(eriostM, into the aorta, just 
beyond the point where the left subclavian, is given oft 
from that vessel. At this point of the aorta, then, 
there is a junction of two streams, one which has 
come direct from the placenta, and is therefore fully 
aei-ated, and the other which has traversed the head, 
and is unaerated. The body generally la supplied 
with this mixed blood, which, passing throiigh tiie de- 
scending aorta, the common iliacs, and the umbilical 
artery, reaches tlie placenta, where it again under- 
goes aeration, and recommences its course. 

As soon as the child is horn respiration com- 
mences, the lungs become expanded, .the ptJmonary 
vessels permit the blood to traverse them freely, and 
the ductus arteriosus, no longer required, contracts and 
ahriTela, though its remains are always visible. The 
detachment of the placenta leads to immediate arrest 
of the flow of blood through the umbilical arteries ; 
no return current consequently tnhea place through 
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the nmbilicaJ vein ; the ductus venosua contracts, th6< 
currents of the su]ierior and inferior venie cavie 
and with this the Eustachian valve and foramen ovale 
become obtjoletp. 

Development of ISic brain. — The bra 
formed from the fore part of tlie medullary plate, and' 
before the closure of thff 
medullary folds. TwoveEt^ 
idea first appear, and the 
posterior of these divid- 
ing intwo to make three, 
known respectively aa th&' 
fore-,mid-, and hind-brain. 
The ftrre^irmn beoomeB 
conTerted into the cere- 
bral hemispheres, 
th alam cn-cephalon, 
the primary optic vesicles. 
The mid-brain develops 
into the optic lobes, 
eorpoi'a quadrigemina i 
the crura cerebri; and the 
h'lnd-brain becomes 
verted into the cerebef 
liim. The brain 
pitsents a remarkable 
— DiBgmin BhowioB the ctirvature, named the 
•f ™.«i *|.V bT™^- «■«"«'' flexwre, the fore* 
The head a i™ to be part bending down in 
front of the extremity <rf 
the notoehord. 
after the appearance of' 
tliis, the hind-brain, tha 
cavity of which is thS, 
fourth ventricle, becomea divided into two rc^ons ' 
a poBterior, the medulla oblongata; and an anterior^ 
the oerebe/ium. The roof of the medulla becomf 
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attenuated, tLen breiika down, and the nerves of the 
two siJea, originally in contact at the doi'sal Biiramit 
of the bi'ain, appear to arise at the sides of the brain. 
The blood-vessels of the pia mater form a plexus 
over it, which is the choroid plexus of the fourth 
ventricle. The anterior portion thickena, and bucomea 
the cerebellum, with its central and two lateral 

The mid-brain is the single vesicle which has the 
aqnteductns Sylvii for its cavity, with the pons 
surroonding it posteriorly, and the corpora, quadii- 
gemina anteriorly. The fore-brain is primarily & 
single vesicle, but early buds off the optic vesicles, 
and almost coincidently with them a prolongation in 
front, which is soon divided off from the fore-brain 
by a constriction. The posterior part becomes the 
thalamen-cep/ialon ; the anterior forms the rudiment of 
the cerebral Jiemispheres and olfactory lobes. 

The cavity of the thalamen-cephalon is the third 
▼eutricle ; posteriorly it is continuous with the ven- 
tricle of the mid-brain, and anteriorly it opena into 
the cerebral rudiment, the aperture becoming the 
foramen of Monro. 

The lloor forms anteriorly the optic nerves and 
chiasma, and posteriorly the corpora albicaiUia and 
the infundibulum, which, coming into contact with 
an involution from the mouth, gives riso to the 
pituitary body. The sides of the thalamen-ceplialon 
thicken to form the optic thalami, which become 
subsequently united by the grey or middle com- 
missure. The roof forms the pineal gland and the 
posterior commissure, and a vascular plexus forms 
above it, which is the tela choroidea of the third 
ventricle. 

The cerebral hemispheres. — These develop 
from the cerebral rudiment of the fore-brain, and 
gradually attain their pi'edominating size. The floor of 
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the fore-brain gives rise to tLe corpora striata, and the 
i-oofto the hemispheres, which are separated hy a deep 
groove. The cavity on each side is a lateral ventricle ; 
a septum also forms, from which the falx cerebri is 
derived. Tiie outer wall of each hemisphere undergoes 
great thickening, whilst the inner wall becomes thinner, 
and two curved folds form in it, the oppei: of which . 
is the hippocampus nmjor, or coi'uu Ammonia, and the I 
lower gives rise to the choroid plexws of the lateral van- I 
tricle. By the fusion of the inner walls of the hemi- 
spheres the septum lucidum is formed, which in man 
is pari;ially seiinrated by a cavity, the fifth ventricle, 
which has no communication with the true ventricles 
of the brain. In the auteiior part of this septum the 
fibres of the antervre conniiissure are formed. 

The cerebral hemispheres in their primitive state 
are quite smooth, but there arise a series of convolu- 
tions, separated by sulci, which give it a characteriatio 
aspect. The most impori^ant, and the first to appear, 
is the Sylvian fissure, situated at the root of the 
hemispheres. The part of the brain lying in this 
fissure is the island of Reil. 

Development of the cranial and spinnt 
nerves.— The nerves are outgrowths of the central 
nervous system. The spinal nerves arise &om a 
median and dorsal ridge of cells, named the neural 
oreat, by two lateral outgrowths, which are the rudi- 
ments of the posterior roots. The posterior roots ara 
connected by a longitudinal commissure running along 
the whole length of the neural crest. They de\'Blop a 
ganglion, and shift their point of attachment from the 
crest to the lateral region of the cord, becoming for a 
time altogether detached. The anterior roots grow, 
somewhat later in point of time, from the anterior 
part of the cord ; they have no ganglio. 



Einited by a 



d do not shift their point 



j^of sttftciimeiit. The cranial nerves seem to arise, like 
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the spinal nervea, from a neural crest, which extends 
as far as the root o£ the mid-brain, and is continuous 
with the crest of the coi-d. The nerves arising from 
it are the third, fifth, seventh, and auditory as a single 
root, the glosso-pharyngeal, and the vagus. 

Development of the eye. — The numerous and 
complicated structures of which the eye is composed 
ai-e deTeloped in part ftxim the integument of the 
embryo, partly from the mesoblast, and in part fi-om 
the central nervous system. It commences with the 
appearance of the optit veaicleg, a pair of hollow 
itgrowths from the anterior cerebral vesicle, the 




cavity of which extends into their interior. The 
stalk elongates, and becomes the optic nerva The 
formation of the lem and of the optic cup, or secondaiy 
optic vasicle, now commences. The lens is formed by 
a thickening of the epiblast, which indents the ex- 
tremity of the primary optic vesicle, and pushes it 
back till the fi-ont wall of the vefiicle is in contact 
with the posterior wall, and the cavity of the vesicle 
becomes almost obliterated. The front wall of the 
cup becomes the retina ; the posterior waD, the 
tesselated pigment layer of the choroid. By the 
i of the mouth the pit of the involuted 
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becomes a completely closed sac ; and the lens, 
separating from tlie epiblast, forms an oval vesicle 
with a email central cavity, lying in tlie pit. 

rever, a apace is formed between the lens and the 

I "wall of the cup, which cornea to be occupied with the 

Lrvitreous humour. And now it must he ejipluined, that 

■'^owillg to the ohliquity of the position of the optic 

1 ^rve, which slants downwards, inwai'ds, and backwards 

T towards the vesicle, the lenticular thickening preasea 

J , in the front wall of the vesicle, not in a line with the 

I ^ixis of the stalk, but in a line forming an obtuse angle 

\ with it. The margins of the cup continue to grow np 

f around the lens everywhere, except at the lower part, 

( which corresponds with the stalk, or optic nerve, and 

6 a fissure, the choroidal Jissure, long remains, 

I which sometimes, instead of closing, remains patent, 

aod constitutes a coloboma of the choroid. The 

' fissure is in the same hne as the optic nerve, and 

I thi-ough it the mesohlastio tissue, from which the 

connective tiasuca within the eye are formed, gains 

I entrance into the cavity of the optic cup. The 

I anterior wall of the optic cup, which it has been said 

I '. forms the retina, now presents a distinction of parts : 

I the posterior half develops into the true retina; the 

anterior half becomes the eeat of the deposition of 

pigment, la thrown into folds, covers Uie ciliary 

processes, and forms the uvea at the back of the iris. 

The ciliary processes themselves, with their vessels, 

the iris, the ciliary muscle, and the vitreous, are all 

formed from the mesoblaat, which has entered the eye 

through the choroidal fissure. The cornea, which is 

composed essentially of three layers, the external 

epithelium, the cornea proper, and the membrane of 

Descemet, appears to be derived fram two sourcsa. 

The external epithelium proceeds from the epiblast; 

the internal layer of cells, or memhvane of Bescemet, 

end the cornea proper, originate in mesoblaat, 
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Development of the earl — The auditoiy vesiole 
in all verteLi-ata commences, according to Balfour, 
with tLe formation of a thickened ])atch of epiblaBt, 
at the Bide of the hind brain, on the level of the 
second visceral cleft. Tliia patch soon becomes in- 
vaginated in the form of a pit, to the inner side of 
which the ganglion of the auditory nerve, which is 
primitively a branch of the seventh nerve, closely 
applies itself. The pit cloaes, and the vesicle bo 
formed retreats from the surface, but remains con- 
nected with it by an elongated duct. The inferior 
part of the sac is produced into a process, which is the 
rudiment of the cocMear canal; the superior part is 
prolonged' iiito a blind sac, the aqitaduekis ixatibuli. 
The main body of the vesicle becomes the utriculus 
and semicircular canals, whilst the inferior prolonga- 
tion forms the sacculus hemisphericns and cochlea. 
The organ of Corti is developed from the epithelium 
of the cochlear canal. The Eustachian tube and 
lymphatic cavity are believed to be derived from the 
inner part of Uie first visceral, or hyomandibnlar, 
cleft. The meatus anditorius extemusis formed at the 
region of a shallow depression, when the closure of 
the lirst visceral cleft takes place. The tympanic 
membi'ano is derived from the tissue which separates 
the meatus auditoiius extemus &om tympanic cavity, 
and presents a hypoblastic epithelium on its inner 
aspect, an. epiblastic epithelium on its outer aspect, 
and an intermediate mesoblaetic layer. 

Olfactory organs. — In all the vertebrata the 
olfactory organs commence, like the eyes and ears, 
from a pair of thickened patches of epiblaat, which, 
in the cuse of the olfactory organs, are situated on the 
under side of the fore-brain, immediately in front of 
the mouth, and soon become involuted into the form 
o£ a pit, tlie lining cells of which become the olfactory, 
or Schneiderian, membrane ; the surfuce of the wails 
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of the pit becosie greatly increased by foldings. Tha] 
olfcwtoiy nerve attaches it-self to the olfactory ei**.] 
theliiim at a very early period 

Development of the nlimentary canal< 

Tlie alimentary canal results from the folding in of! 
the splanclinopleure, and is at first straight and 
parallel to the vertebral column. It is connected 
with the omphalo-mesaraic duct at a point ■which 
coiTesponds with the lower segment of the ileuni, 
but the duct atrophies, and usuaUy disappears 
about the fourth month, though a diverticulum aome- 
timea remains persistent. The attachment is at first 
very broad, and only a thin stratum of mesoblaat 
separates the hypoblast of the canal from the noto- 
chord and protovertebrffi ; but it subsequently attea---< 
uateB, and becomes the mesentery. In the fourth 
week the part connected with the umbilical vesicla 
loops forward. The part above the umbilical openiiij[ 
becomes the small intestine ; the part below, almost 
wholly large intestine ; the limit between the two is 
soon indicated by a projection, the crccum. The] 
intestine separates from the abdominal wall, th»l 
remains of the attachment appearing at the thirdll 
month, and sometimes later, as a thread-like appenr 
dage to the lower part of the ileum. The convolutiotWi 
then begin to form, and an enlargeme 
region of the liver, which is the stomach. 

racconjiim. — Meconium is the feculent matter' 
contained in the rectum and lai^e intestine of ths{ 
new-bom child before any food has been taken. Itj 
represents the products of the decay of the bodyj 
during intrauterine life. The chemical constituento 
are bilirubin and biliverdin, biliaiy acids, choleaterin, 
mucin, traces of formic acid, and other volatile fatty 
acids, and non-volatile fatty acids. It contains 80 per 
cent, of water, and ^bout 1 per c^nt, 
^Ztfeifel}, 
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The posterior openu 
tJie establishment of f 
cloaca, or tube common 
a depression on tlie 
outsido of the body, 
about the sixth or 
seventh week. A 
septum, which is the 
future periniBum, 
now grows up, which 
sepatatea the intes- 
tine from the orgatia 
forming the allantois. 

Various glands 
arise as outgrowths 
of the intestinal 
canal, the mass of the 
gland being formed 
of mesoblast, aiid the 
lining of the ducts of 
hypoblast. Amongst 
these glands ore flie 
salivary glands, the 
lungs, the pancreas, 
and the liver. The i 
lungs appear as two 

which give oif hol- 
low branches like a 
gland, and subse- 
quently have a duct "!.'»!,'■ . IvnimJii 
or tube common to Jr*i"wn> tJiiJinmiL mi,,-; ^^''fS'iljB 
both, which ia the £ig?i»'|'^[oia behind 11^'^ ' *' '^''''' "' 
trachea, and the 

laryn.\ forms at the upper part of the trachea. 
The epiglottis and thyroid cartilt^e proceed from the 
mdiment of the tongue. The large liver commences 
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as a projection formed of two primitive hepatjl 
iluota, wliich divide and subdivide. At the ] 
phoiy of the ducts are solid masses of cells, v 
proceed from the hypoblast. The liver is of large 
size at tiie sei^ond month, and secretes as early as the 
third TOonth. The spleen arises in a fold of the meso- 
gastrium at the second month. Tiie adrenals t 
tirst larger than the kidneys. 

GenUo-uriniiry apparatus. — The excreto^ 
organs of the vertebrata consist of three diati; 
glandular bodies, and of three ducts : 

(1) The pronephron, or head kidney, i 
dular body, usually with one or more ciliated f 




opening into the body cavity, near which is a vascular 
glomerulus. Its duct, which forms the basis for the 
generative and urinary ducts, is the segmental duct. 

{2) Tlie Wolffian body, or me«one/'/wo», cc 
(tf a series of segmental tubes, upeiiiiig at ■ 
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extremity into the body cavity, and at tbe other into 
the segmental duct. This duct divides into two, the 
Woliiiaji duct and the MiiUeiian duct. 

(3) The kidney proper, or metanepJiros. Its duct 
is an outgrowth from the Wolffian duct. 

In the amniota (reptiles, birda, and mamnialB) the 
"Wolffian body is a purely embryonic organ and 
atrophies, whilst the metanephroB takes its place and 
forma the permanent kidney. In the development of 
each organ the duet is first seen. The first appeacanoe 
of the Wol^an ditct, which in mammals is really tbe 
homologue of the segmental dnot^ is a solid rod of 
cells, primarily derived from the somatic mesoblast of 
the intermediate cell mass (Fig. 46, wd). The solid 
rod soon becomes tubular. The Wolffian hody then 
appears in the form of a series of convoluted tubules, 
closely resembling the future kidney, commencing in 
Malpighian bodies with vascular glomeruli and opening 
into the duct, and the duct opens into the lower part 
of the alimentary canal. The diict of MuUer now ap- 
pears as a furrow, which soon becomes a tube, on the 
outer surface of the projection formed by the Wolffian 
body, and opens below into ,the cloaca, above the 
Wolffian duct. The duct of the true kidneys now 
forms, as the resvdt of a constriction of the enlarged 
Wolffian duct, the new uretitr lying on the dorsal 
surface of the Wolffian duet, and soon opening 
separately into the cloaca. From the upper end of 
the ureter, diverticula are given off, which are the 
tubuli nriniferi, and the kidney is formed from the 
mesoblast surrounding them. The ridge of mesoblast 
at the base of the somatopleure is covered witli 
epithelium of a columnar character, whilat that 
covwing the adjoining portions of the somatopleure 
and splancbnopleure is tesselated. It is from the 
proliferation of the columnar alls, and of the 
subjacent fnniforro cells of the mesoblast, that the 
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sexual organa ame, aad in both, males and femaleaJ 
tke appearances are identical ; large cells, t^ J 
primordial ova proceeding from the columnar epi-v 
lying near the surface of the genital I 
males the cells and ova disappear, but i 
females they enlarge, sink into tKe 1 
stroma, and carry with them soma I 
ordinary cells, which unite to form.r 
the Graa6an follicles. The large n 
cleus of the primordial ovum becomeaj 
the germinal vesicle, while the ( 
itself remaLuBaa the true ovum (Fos 
and BalfoHr). 
b^riT- ^" males the testes arise in cIosqA 

GeiAai proximity to the Wolffian bodies, bj'fl 
Brabrro the formation of tubuli and ""^tJ 
ines in growth of the mosoblast. The sub-l| 
sequent changes in the genito-iiri- 
nary apparatus are, that in birds tbe 
eiiiSiffiibere: Wolffian body is converted, in tha 
!™'aiwuio"?[t oock, into the coni vaacvhti and 
■" epidtdifm.it ; in the hen, into paii* J 

of the jsarovariuin. The Wolffiat 
duct remains as the vaa defen 
in the male, and atrophies 
female. The duct of MMLe/r remains in the female axf\ 
the oviduct, in the male it atrophies. 

Skeleton. — The notochord, probably developed* ' 
from the hypoblast, is the first rudiment of a skeleton, 1 
and occupies the middle line of the body just beneath 1 
the medullary canal. It is a cylindrical rod composed'! 
of nucleated cells, at fii-st in immediute contact withi'J 
each other, but subsequently separated by a blastema, 4 
or matrix, both cells and matrix being enclosed ii 
sheath. It reaches at first nearly from one end of t] 
body to the other, but the brain soon begins to extendi! 
beyond, and bend over in front of it. In some of t' 
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lower fishes the notoehord is persistent, but in higher 
animals it forms a kind of btisis, around which the 
vertebrie are formed. The vertebrie appear in the 
form, of cubical maasea in the vertehral plate on either 
side of the notoehord, and these masses are tcnned 
protovertebrcB. Ossification commences at an early 
period in the protoTertebra as early as the twelfth 
day in the fowl, the first vertebra to ossify being the 
second or third cervical, but a portion of each profco- . 
vertebra remains as a muscle plate and a nerve 
ganglion. The ribs are developed from the lateral and 
inferior part of the protovertebra. In man the ossi- 
fication of the vertebrse begins at the end of the 
second or the beginning of the third month, with three 
centres for each vertebra, one for the body, and one 
for the arch on each side ; but these parts do not 
coalesce till the second year after birth. Accessory 
centres of ossification are formed at the tips of the 
spinous and transverse processes, and on the upper and 
lower surfaces of the bodies. The first appearance of 
the skull is in the form of a mass of mesoblastic tissue 
in front of the protovertebrte, which, unlike the 
vertebiul plates, does not undergo any segmentation. 
This is named the inveeting mass, because it surrounds 
and invests the end of the notoehord, and extends 
forwards, forming the base of the skulL Its anterior 
part pushes forth two horna, the trabeculre cranii, 
which separate to enclose the pituitary fossa, and re- 
unite in front of it to form the ■naso-fronlal process. 
From the margins of the basal mass, a membranous 
investment, which soon becomes partly cartilagi- 
nous, rises, which covers the brain. The primordial 
cranial aws, therefore, consists of three parts ; a 
membranous roof ; membranous and partly car- 
tilaginous lateral walls ; and a cartilaginous base. The 
several bones are formwi by separato points of ossifica- 
tion ajipeai'ing in these parts. 
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Limbs. — The extremities appear about the fourth 
week in man in the form of buds from the aomato- 
plcure. The arms are the first to appear, and in the 
lirat instance no division into fingers or toos are per- 
ceptible ; a division into npper-arm and fore-arm, and 
into thigh ftnd leff, is perceptible about the eighth 
■week, bnfc previously to this the extremity of the limb 
presents indentations indicative of the future digits. 




*7.— Diagnun or Fomntion ol Llml 



TliB structures' wliich enter into the composition of the 
limb are gradually differentiated. The bones tii-st 
appear as masses of blastema, which develop into carti- 
lage, and in this again points of ossification are formed, 
Dnrotfon of pregnancy. — Parturition, or the 
delivery of the child, takes place at the ejqiiration of 
forty weeks (280 days) from the period of concep- 
tion. At this period the utenis and its contents 
have attained a lai'ge size, and the act of labour 
ifl induced partly owing to the i-eflex excitation of 
the genito-spinal centime in the lumbar region of the 
cord, and partly, perha](s, owing to the direct stimttlAr 
iJaa of the uterine lausoular tissue «ad the aum«««»r 
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ganglia that supply it with motor fibres. The extreme 
limits of pregnancy conipa,tibIe with the birth of a 
child capable of living are difficult to define, but 
instances have been, recoixled where a child was bom 
at about the close of the fifth inotitb, and yet lived, 
though much difliculty is in such eases experienced 
in maintaining tlie tempeiuture and in supplying it 
with food. The longest period alloweii for pregnancy 
by the Fi-ench law is 300 days. No limits are fixed 
by the English law, and a disputed case is decided 
on the evidence. 

FhyslologT of the Deif-boi'n child.— The 
ftBtus is born with the lungs unexpanded and the cheat 
in the condition of the most complete expiration. It is 
in a state of apncca, the blood being fully charged with 
oxygen. The act of birth and the contractions of the 
uterus interfere with the due interchange of gases 
between the mother and child, and the circulation 
of imperfectly aiierialised blood through the medulla 
oblongata at onco stimulates the respiratory centres 
to liberate the motor impulses requisite for inspiratian, 
and the rhythmical sequence of inspiration and expi- 
ration is at once commenced. The number of respira^ 
tions is 44- per minute, and the number of cardiao 
beats 130. The temperature in the rectum in 37 '8° C, 
but falls during the first few hours 1° to 1'5° 0., to rise 
again to ST'S" C. The circulation through the liver 
is reduced in activity, owing to the umbilical venous 
circulation being arrested. The rectum contains me- 
conium. The quantity of urine contained in the 
bladder is from 8 to 10 cubic centimetres ; the quan- 
tity of urine discharged in twenty-four hours is from 
,^0 to 60 grammes. The mammary glands often secrete 
a little milky fluid. Soon after birth hunger is felt, 
and the cliild becomes restless, cries, and greedily 
^ seizes and sucks the nipple or finger if introduced into 
mouth. The cortical motor centres are iniictive, 
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lut a light is followed by the eye, and sounds produce 
a start. The inhibitory action of the vagus is demon- 
strated with difficulty, and the supei'veiition of death 
from asphysia by drowniug or sutfocation is resisted 
for a considerable period. 

lofaocy.— Infancy extends from birth to the 
eruption of tlie tirat t«eth, or to about the eighth j 
month ; all the vegetative functions of the body are I 
in full activity ; the lymphatic and blood-forming j 
organs, as the thyroid, thymus, spleen, and lympliatic ' 
glands, are largely developed ; the pei-iods of sleep 
and of -waking are about equal ; the mental faculties 
gradually develop ; notice ia- taken of external objects, 
and the infant can smile and shed tears. The quan- 
tity of food taken is considerable ; the fnces are 
yellowish, semi-fiuid, without much odour, and contain 
some unchanged bile, much fat, and coagidated casein. 
The urine is frequently discharged ; its quantity 
about the fourth month is 300 to 400 grammes. The 
height augments 30 centimetres in the first year, and 
the weight of the body is tripled. Some voluntary 
movements can be performed. 

Childliood extends from the drst dentition to 
the beginning of the second dentition, or to about tha j 
age of seven yeara. The number of cardiac beats and J 
of respirations gradually falls. At five years of age theJ 
heart's beats are 105 ; the vital capacity is 900 oubiofl 
centimetres ; and the respirations are 26 in the minute. ■ 
During the second year the child leama to walk audi 
speak. Sleep is protracted to nine or ten hours. 1 

Healthy children should gi-ow from 2 to 3 inches a I 
a year. They should weigh as nearly as possible to thes9 I 
averages. There is danger if a child falls 7 lbs. below 1 
this standard, or grows under 2 or over 3 inches a year, ^ 

Arrest of growth and loss of weight indicate . 
malnutrition. They are the frequent forerunners ci I 
, and should always excite suspicion. 
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The following ia a proportionate table of height 
and weight : 



Height. 


Wdgl.t. 


HolBht. 


WdBbt. 


Feet in. 
2 1 


1 4 


3 7" 
3 S 


3 10 


2 3 
2 i 


1 10* 


I n 


1 I 


2 6 

2 7 

_. 2 8 






4 lU 


t 2 9 
■- 10 


^ ^^ 




I f 


■ I 


2 I- 




6 7) 


1 I I 


2 12 

3 




J '?' 


■ 3 5 
3 6 


3 2 
3 4 
3 6 


6 


6 JJ 
6 6 



Ifomii.— This period extends fi'om the Beventh 
to the fift-eenth year, or to the occurreace of. puberty. 
The milk teeth are shed and the thymus disappears ; the 
boaes become firm and solid ; the meuta.1 faculties are 
often exceedingly ncute, and the memory veiy exact 
and tenacious. The vital capacity b about 2,000 cubic 
centimetres at twelve years of age ; the cardiac beats 
at the same age are about 82. The quantity of urine 
is about 21 or '2% grammes. The fat of the body is in 
great part absorbed ; and as the period of puberty in 
reached, the voice alters and becomes deeper, and the 
conservation of the individual begins to make way for 

bthe conservation of the species (Beaunis). 
* Adalt Hue. — Dui'ing the earlier period growth 
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I oontinues, but about the ago of twenty, or earlier in 
I Tomen, growth ceases, and for inanj years the body 
I Mmains stationary in point of bnlk. The faculty of 
I observation and power of acquiring knowledge are 
I. active, but at first judgment is defective, and the 
I actions are largely infiuenced by the emotions. It is 
1 from twenty to forty that tlie moat remai-kable mental 
" 3 made, and when genius, if present, usually 

' effects ita greatest triumphs. At a later period, 
though intellectual development may still progress, 
it is more uniform and sober in its manifestation. lu 
women the period of adult age is interrupted by the 
occurrence of the menopauBe. 

Old n^et senility. — This may be taken to 
commence about the sixtieth or sixtj-tifth year. It ia 
marked by general decay of the bodily powers ; the skin 
begins to be wrinkled, owing to the absorption of fat ; 

■ the teeth to decay and to be shed ; the hair to be white 
and fall out; the virile power is less active, or alto- 
gether ceases ; the respirations and the number of 
cardiac beats are reduced in frequency ; the arteries 
have a tendency to ossify, the veins to dilate ; the 
muscular movements lose their forte and precision ; 
the cartilages ossify ; the voice alters to " childish 
treble ; " the digestion and the vegetative functions 
generally are less perfectly performed ; the eye is no 
longer capable of being accommodated to clear vision 
of near objects, and, with the other senses, loses its 
acuteness of perception ; (he mind, however, may long 
preserve ita freshness, and in some instaucea even 
eeema to mature with advancing age. 

1 Death.— Death, wlien perfectly natural, occurs 
as the result of the cessation of the cardiac or respira- 
tory movements, and this is probably the result of 
inadequate nutrition of the nerve centres goveniiug 
these acts. In by far the greater number of CJises, 
\oyrevev, one or other of the vital oi'inms is smitten 
■ 



). XVl.l 



J^SA T/f. 




with disease, ■which interferes with the fianctiona of 
the body at large, aud it was fiom observations ai 
this fact that Bichat maintained that death began at 
the brain, the heart, or the lungs. To these the 
kidneys and the intestines might be added, 
instances it is sudden, and scarcely preceded by any 
appreciable failure of health ; whilst in other instances 
, it is prolonged and painfuL Beaiin^ gives the fol- 
lowing as characteristic features of the death agony ; — 
■ The face is livid and sharp-featured ; the cheek-bones 
p prominent ; the cheeks pendent ; the nose sharpened ; 
the forehead covered with a cold, clammy moisture ; 
the eyes dull and unobservant, the lids drooping ; tlie 
lips livid and discoloured ; the mouth partly open ; 
the gums dry, aud the teeth covered with sordes ; the 
body inert aud yielding to gravity, save only some 
"involuntary movements of the fingers and hands ; tlie 
extremities cold, the coldness extending gradually 
upwards ; respiration feel^le ; mucus accumulating in 
the trachea gives rise to a rattling sound ; the cartliac 
beats, at first frequent, become slower and impercep- 
tible ; sensibility is reduced : the eye no longer sees 
the light ; the dying man feels himself to be shi-ouded 
in darkness ; the hearing often persists to the last ; 
voice fails, and he mutters some incomprehensible 
words ; inteUigence may be preserved, hut usually 
fails, and he seems to remember as in a dream some 
events o£ his past life ; at length the heart ceases to 
beat, and the last hi-eath is an expii-ation. 
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Aceton CjHgO. — A Kolourless itioliilB noatral fiuM , 

J iflpBciSc gravity 0-792 at 18° C. Itu odour resembles thst of 

I acetic ether and peppermint. It vapnriscs easily, Ixaia at 

I 66*3" C., and burns with & ^ghtly smoky flame. It disaolTea 

I in water, alcohol, and ether, and acts as a solvent on camphor, 

I jttt, resins, and gnnuotton. It has been found in the ariae of 

patients su&ering from diahetea mellilivi. It is formed bj the 

Sry distillation of the acetates, or ly the dry distillation with 

lime of citric, tartaric, and lactic acids, sugar, gum, and starch. 

Acbroo-dCKtriu. — An intermediate substance between 

starch and dextrin, forraod by the action of aalipa on starch. 

It does not give any colour reaotion on the addition of iodine. 

Adipocere. — A compound consisting of lime, palmitata, 
■nd Btearate. It is found in dead bodies expoiscd to much 



Allantoin C^HjNjOy — A product of the decomposition 
of uric acid. It is found in the aUanloic fluid of the calf, and 
has also been found in the urine of the dog in cases wbere the 
rospiration has been Herioasly intorfemd with for a long tioia, 
and in the urine of man after the use of large quantities of 
tannic acid. It cryftallisos in thin fascicles, the crystals be- 
longing to the mono-tUno-metrio system. It is lastalesi, and 
has no action on litmus. It diBsolves ut 20° C. in IBO parta, 
at a boiling heat in 30 pirta of wutor, and more easily in spirit 
of •ine. It is an anhydride of 2 molecules of urea a(N,COH,) 
and glycoxylic acid C-H^O^. Aeids and aUcalies split it into 
urea and allanturic acid. 

_ Alloxan Cfi^fi^.—A sabstance having close relationB 
with uric acid, from which it can be obt;iiiied by oiydation. 
It crj'stalliseB with 4 equivalents of water of crystnllisatioit in 
large brilliant rhombic pyramids, which effloresce when exposed 
to air. It dissolves easily in alcohol and in water. The watery 
tolation stains the skin of a purplish coloiir, lud commiinicatM 
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t, diasgteeable odour to it. It haa sn acid reactioo, and dis- 
Bgreeubla tnate. \^'ith. ailta of iron, it givea & dark indigo bins 
' ooloar. It is a powerful oxydising agnnt. 
' Aspara^n CjHjNnO,.— Tha amido of aspiirtio Bcdd; a 
substance obtained from ths tarios of Heporsgaa, tiut also con- 
tained in aymphytum officinale (comtrey), convaUaria majalis 
(Solomon'a seal), and ParJB ijuadrifolia (herb Paria), and in the 
aeedB of leg'uminous planta. It forma colourless and odoutlesa 
transparent stable crystals, belonging to the rliombic eyatero. 
It dissolves in 5S parta of water at 13° C, and in 4-5 parta of 
boiling irater. It is qaite insolubla in alcohol at all tempera- 
tnres, in ether, and in oils. 

Aspartf C acid CjHjNO^.— It i% formed by the decom- 
position of nspamgas imder the influence of alkaUes ; aleo by 
the decampoaition of proteids, bqcIi as legumin, egg albumin, 
and caaeit), by means of sulphuric add. By fermentation or 
putrefaction, aapartic acid is converted iuto succinic acid. 

Carnin C,IIaN,Oj + HjO.— Thia aubatancB is contained 
in Liebig'a aitract of meat, in which it eiiatB in the proportion 
of about one per cent. It is allied to saxkin, into winch it can 
be converted with loss of H and CO, by tie action of bromine 
or chlorine, with a little nitric acid, 

Cerebrln, — This substance is only found in nerve-tiaaue 
and in pua cella. It forma a delicate white tasteless powder, 
deatitutb of smell, and compoaed of rounded groniileB. When 
boated to 80° C, it heconiea brown, then, at a higher tempera- 
ture, forms bladders and decomposea. When in a somewlut 
impure form, and containing aome lecithin and cholcaterin, it 

e'vos tho apptarancB of myelin drops, or doublo-borderod 
teatine-like dnrnpe, which prolong themaelves ioto long 
threads, and refract light strongly. Solutions of cerebrin do 
not act on litmna paper. "When boiled with auda it yields a 
kind of sugnr, that rotates polarised light to the left, but does 
not ferment. 

Cbeno-lBiirorholic ncid.— An acid found in Qxb 
bilo of the goose. 

^Cholallc acid C„Hj„0,. — A^ruduct of tho decompo- 
■ition of glycocholic acid with absorption of water at a boilmg 
tempETBture, glycocol being separated at tho snme tune. 

C^TT^N-Oj + K.0 = CANO, -I- C„B:,,0, 

Gljcodliolio mia glycoool choLuin aoifl. 

Cliolestei-iu CaiH„0 + HgO.— This subslance ia beat 

obtained from gall stance, wbiob are in great part compoaed of 

it. Anhydrous cholesterin crystallisea out of hensol. chtoro- 

form, or pure ether, in fine cotourleaa ailky needles. Hydrated 
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aholoBterin orystalliHeB out of Jiialing nlcohd in niicrogCflpU 
obKqUB rhombic plitteB. It is inHolalile in wntcr, iilknlies, and 
diluted acida, and with difficult;' in coU ftlcohol, butvor^ enidly 
in hot ether or boiling ali^ohol, chlorDfomi, benml, volstiln 
oila, and fatty acids. Anhydroua oholesterin melts at Hfi" C, 
and distils nachanged in vacuo at 360° C. Con<!Bntrat«d mil- 
phuric acid converts it in the eold into & red masF, irhit^, i 
the addition of water, bccomos green. On acconnt of its fonn- 
ii^ ether-like compounds with one molecule of acid, whioh ara 
saponiflable by alcoholic solution of potanh, it is regarded ae a 
anivalent alcphol. 

ChOlIn CjHjjNOj.— A product of the decomposition of 
lecithin ; it does not appear to be a cocatitnent oi the body. It 
is a thiclf ayrup, easily soluble in water and in alcohol ; it luma 
litmoB paper blue. 

DfSlfBlD Cs^Ho^Oq. — This substanco is the ultimnle pro- 
duct of the action of boiling hydrochloric acid upon giycocholio 
acid or upon chclfdic acid. 

Cj,H^NO, = CgHjNO, + G„H„0, + H,0 

OtrcooboUD ncld ifljcocol d^Blyufl water. 

It ia a while amorphous tasteless niHss, soluble in ether, with 
mora diSiuulty in alcuhol, imd erarcely at all in water, alkalies, 
acetic or hrdrochlorio acids. It melts at 140" C., (uut bums 
with a smoky flume. 

Forniic acid CH,0,. — An acid obtained, as its name 
implies, from ants, but present also in manj- plnntH. It has 
been found in blood, in urine, milk, sweat, and in the jaioe of 
muacle of mim. 

OlfcerJu CgH.Og.— A secondary product obtuinBd bytha 
action of superheSited steam upon fats. It has not been show)) 
to be a conatiluent of the body. It is without colour or odour, 
bnt baa a buroing sweet taste, is of oily consistence, bus s 
neutral reaction and a sp. 'p. of 1-26. It boils at 290°, and the 
vapour ignites, burning with & feeble but not smoky flame ; at 
— 40° it becomes a gummy mass, but does not crystalUse ; on 
withdrawal of water by rapid boiling condensed glycerin-mole- 
culea ore formed, such as diglvceride and poly^lyceride. Plarad 
in contact with yeast it yields propionic add C-HgO,. Witli 
chalk end putrefying cheese it yields at 40' C. butyric Slid 
C.HhO] and ethyl aleohol Q,HgO. By long heating of glycerin 
with excess of fatty acids in hermcliciLlly seated tubes at a tem- 
perature of 200'' to 270", triglycerides are prodnced, whirb are 
identical with the ordinary fats. The oicydution of glycerin by 
meana of nitric acid yields tnrtsric acid, and when heated with 
pfitdsaium hydroxyd to s. tumjiorHture of '200" C., potassii 
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loTiGiitto and potaBsiuin acfitnte ai'o praJuccd. Give 
trivalent alcohol. It is intinuitel^ asBocinttil viih a 
Hccolein, and the allyl aerisB gcneiaUy, and consequently vitli 
the propyl Bcries of compoimils. 

' GlycNln-phoBphorlc acid C3H,(0H)^0,P0[0H].j. 
' ' acid Bymp, which, when aliRhUy warmod, hreukB up into 
rin and phospboric acid. It is a IrihaBio other acid, which 
combines witb bases to form cryBleJli sable salts. Easily soluble 
in ■water, but aolubla with difficulty in alcohoL It ia a product 
of the dacompoaition of lecithin. 

BypoxaJittlln C^H^NgO. — A conHtituent of muscle, in 
which it ia found in the ptopoitiou of 02 per cent. It muy 
be obtained by attinff oa lanthiu or oric acid with sadiara 

iUnalgaPL The relation between theai 

'jb^ediatoly apparent on coneidering the fullowing formnlffi ■ 

C,H^N,0 , C,n.N.O, , C,H.N,Os 
SuKin jBiitluD uric acuL 

iDdican C^gH^NO,,.— The quantity of indican ezcretod 
in the uiine of mHU is very incooEiderable ; it is most abundant 
on maat diet. It can be obt&inod in largor quuntitles from Che 
urine of the horse. It appears in the form of a bright brown 
strongly adoroua syrup, of bitter and nuuieons taste, which has 
a. neutral naction, and is precipitated hy lead acetate. It is 
not altered hy dilute sulphuric acid or by alkalies. Acidified 
solution of indicau with a trace of chlorine gas gives a blue 
colour from the formuLiou uf indigo. The indican contained in 
urine is not identical with that in the plant named Iiati» UhC' 
loria. When acted on by concentrated acid, leucln, volatile 
fatty acids and a purplish red body named nrrhodin are toimed. 
When its aqueous solution is treated with hydrochloric acid in 
presence of oxygen, it yinlds indigo blue. 

Intljg'a. — A ciystaUino hlacSish-blue powder, consisting ot 
needles or oblique rhombic plates, the surface of which baa a 
copper-red metaUic glint. Indigo ie insoluble in wnt«r, 
aloohol, ether, alkalies, and dilute acids, but is easily soluble in 
boiling chloroform, amyl-alcohol, and melting puruflin. When 
dissolved in amyl-ilcdiol its spectrum presents between rf and 
s a dark absorption band. 

Indol CBU7N. — A substance crystallising in Idige pearly 
thin tablets of peculiarly ofcnuve odour. It melts at 52° C, 
and volatilises unchanged tn cccud at SIS" C, It is soluble ir. 
water. The dilute solution on the addition of chromic acid 
gives a dark violet very voluminous precipitate, which is in- 
•oluble in ether, chloroform, and boiizol, but is soluble in 
^tkohol with a red tint, and ia hydrochloric acid with a violet 
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colour. It ia one of the iinnl prodncts oE the action c 
paucn^atiu juioe on proteide, and it may also be obtained \j ' 
Ue dieldllii^oa of pToteids with t^e caustic alkalies. 

Inoslnic acid Q,,H,fNfO„.— An add ohtain^ in th 
proportloii of about 001 per cent, from the miieeleB of cats ani 
labbits, but not oertniiily from that of other mammala, and in 
the proportioa of about 0-02 per cont. from the mnsclca of ths 
gooae, duck, aud nigGon; it has a taste and an odour resembling 
that of broth, and appiaira in the form of a synip from which, | 
on the addition of bases, cryabilline salts can be obtained. 

InOSite OgHj.O,-|-2H,0.— Muscle sugar or phasei 
nite, found in muEcIes and in TariouB fruila of the ieguminosiB. 
It forma large colourlesB monokhnio tabular crystals. It ifl 
soluble in six parts of water at 19° C. It is incapable of 
nndergoing fermcntiition, and does not reduce allutine sohition 
of copper sulphate, Dor does it exert a rotatory action on light. 
When rooietened with a little nitric acid and evaporated to dry- 
ness, and then miNe<l witli ammonia and calcium ohloride, it 
gives a rose colour; when placed in 
cheese it yields propionir, tuityric and . 

Kerntin. — A substance of inconatantcomposition obtained I 
after the successii-e action of bailing water, alcohol, ether, and f 
dilute acids on Tarioue epidermoid tissues, as upon fish scales, i 
nails, horn, hoofs, feathors, and the epidermis. It is insoluble | 
in alcohol and ether, swells up in hot water, and atill more ( 
easily in acetic acid ; it docs not undergo putrefaction; melts J 
when heated, and bums with a luminous smohy flame, having I 
a peculiar odour. Boiled with dilute sulphuric add or wttli I 
liydrates of alkalies, it yields aspai'tic, acetic, butyric, propionio, 1 
and valerianic acids, with ammonia, leucin, and tyiosin; I 
trmtod with nitric add it yields okbIic add as k terminal \ 
product. 

Kreatin C^HgNjO^+HjO.— A sahatancc fnnnd in the 1 
muscles of all vcrtchruta. It crystallises in colourless obliqus I 
rhombic piisms, readily soluble in hot water. Soluble in I 
BlOO parts of alcohol, and insoluble in ether. It has a bitter ] 
taste. Boiled with baryta water it breaks up i 
sarkosin, taking- up one equivalent of water. Kreatin is an inter- ] 
mediate product of the disintegration of mnscle and i 
tJssnea. It is not foundingland tissue. Heated with mer ^ 
oiide it Tields oxalate of methylguauidin, which establishes a J 
relation between it and guanin. 

Kreallnin CjUtNjO. — A substance found in thi 
It can be artiflciulty made by bailing kreatin for four 
days with concentmted acids, when it gives up one equivalent I 
of water and becomes converted into kreatmin. Eieatinu I 
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crj-Btfillises in long coloni'less monaklinio prisms, wliiii ai^e 
B'jtublu III 100 putts of cold alcohol, und in ll's parts of cold 
watei:. The Bulutiun tuiiu lltinuB pHper blue. 

liecfChin 04,H,5NPOg. — A conatiluBntofthBbrHiiiBndof 
^□Ik at egg. It ci^'Hbillises in fine needles on slow cooling of 
its SilkalLne solution. It swells up like etarcli on tlie addition 
(A wator. It diflsolTes with difficulty in cold alcohol and in 
etheTp but easily in chloroform., benzol^ boiling alcohol and ether, 
and in hot aeetio acid. Lecithin is in cIobo relation with tie 
triglyouridcs or fats. 

iutciu.—This auhatanuB forms microscopic red eryataJs 
insolulile in water, soluble in alcohol, ether, chloroform, benzol, 
and fat oils. On the addition of nitric acid it bacomes green, 
blue, vgUdw, and then oolourlcss. It ia thought to be idcuticul 
with hiema.kiidin. 

malic acid C^HjO,. ~ An acid widely distributed 
amongst plants, often in association with tartaric and citric 
acid ; thus it is found in apples, cherries, pine-apple, tamarinds, 
in aniseseed, in the berries of the mountain ash, and in 
rhubarb. The crystals melt at 83° 0, When in^iestod into tho 
stomach the malatel are decomposed, and appear ui the orine in 
the form of carbonates and bicitrbonntos of the alkalies. 

mucin* — A substance which, may be procured from the 
salivary glands and from the snaiL It forms a white or yellow- 
ish BubstiLnce imtolublo in water, but capable of swelHng up 
when immersed in it. It dn<ia not diSuse through animal mem- 
branes. It is immediately precipitated on the addition of 
alcohol, to a mixture of water and mucin. It is soluble in oQn- 
centrRtel ocida and alkalies. It does not coagulate on boiling, 
it is not precipitated by metallic salts excepting basic acetate of 
lead, or by potassium ferxocyanide, or by tannic acid. It gives a 
rose-red colonr with Mi lion's reagent, ajid a yollo w colour with 
nitric add. 

Nnclein.— A substance nljtiined from the nuclei of cells. 
It may be obtained from pus cells by digesting tham in warm 
alcohol to remove fnt and lecithin ; on the addition of gastric 
juice the albumin of the cells ia converted into peptones, and 
dissolved when the nuclei, which resist the action of the gastric 
j uice, gravitate to the bottom of the vessel ; and they are then 
farther purified from fat and lecithin by tho sucoessive sppli- 
cntion of ether, cold water, and alcohol. Pus cells dHoii at 
110° C. cuntuin 33 per cent, of nnclein. 

ParalacUc acid OjHgO,. — An acid that, notwithstand- 
ing its alkitline reaction, seems to be present in muscle ; 
during muscular effort it accumulates in the tissue to such au 
extent as to confer upon it an acid reaction. It is of syrupy 
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with nk'iihol, other, anil wHter. tt ^ 
a niy ijf prjluriHuJ IiKlit to Ihu righl. 

Pbenol C.HjO is found in the urino in the form of B 
conjngFtted sulphur acid (pbenosulphurie add) combined with 
potassium. Fhiiio^phate of potn^siuni orystaUieea in brillianki' 
white scales, salnble in water, almost insoluble in alcohol. 
Adda decompose it into phenol nad sulpharic acid. WbOtt. 
rapidly heated it nielts, disBolvea in water, and a, 
tint on the addition of perchloride of irnn. 

Pfroc ate chin CgH^OK, is an occnaionul constitlintt 
of the urine, either pura or in eonjagition with salphnr' 
acid. In this case the urine on standing ucquins a deep brov 
ahade in ita upper lavers, and becomes of a blackish-brown tint' 
on the addition of alkalies. It reduces ammoniacal solatirna. 
of silver nitrate, mercury nitrate, and copper sulphate. In 
watery solntion pyrocatechin gives an emarald greon coloor 
with perchloride of iron, which hecomes Tiolet on the additioa, 
of tartaric acid and ammonia. 

Sarktn.— Tho same as Htfoxantuin. 

SarkOSia CjH^NOr— An ami do-acid-m ethyl- g 
not certainly aseortained to be a constituent of the bod^, ' . 
interesting as heing a derivative of krewtin, for when this snll^ 
fiance ia boiled on hy baryta ^pater, it yields ammonia ai 
barimn carbonate, and aatkomn can lie obtained by evaporsti 
of the liquid. Caflein treated in the same way also fields m 
boein. It crystallises in eolourloss rhombic prisms, eo^P 
soluble in water, loss so in alcohol, and not at all in ethar. H 
baa a burning sweat taste. 

Succinici a.cid C,H,0,. — An acid found in small ffuan* 
titiaH in several animal fluiils, bat usiniily obtained artificiallr' 
It forma colourless monoklimc prisms, or microscopic eix-ude 
tablets, soluble in threfi parts of boiling, and 17 parts of cd 
water; spadfic gravity 1'562. It begins to sublime at a ten 
pemtnre of 120° C, melts at 180°, and boils at 23ft°, deoom; 
posing into anhydride and water. The vapour Uudes acid, lU! 
excites cough. It stands in genetic relation with the faU 
adds, as the butyrio and valerianic, and with the fats «i1 
fumaric and maleio acids, with the glycerin, acids, and wll 
some organic acids, as the malic and tartaric. 

T^TOSin CaH,jNOj.— An aromatic compound obtoineJI 
by boiling horn ahavings, or any of the protaids, with sulphnrivi 
add, neutralising n^ith lime-wator, and, after filtration, addiiqf 
lead acetate to the Hltrate, when tyrosin-Iead is formed. Ths ' ~ 
rosin is set free by the addition of sulphuric add. It forms wb 

silky needles on crystal liaini;, which are insoluble in ether «. 

ftlMUioI, soluble in 1900 parts of cold water, and easlty solttUVi 
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in dilute acids and alkalies, with the exception of acetic acid. 
Solution of tyrosin heated with mercury nitrate turns of a rose 
colour. Tyrosin may be regarded as one of the products of 
the oxydation of all proteid bodies, or of their putrefaction or 
regressive metamorphosis. It is an alanin in which H is sub- 
stituted by oxy-phenyl CgH40H. 

Xantbin CgH^N^Oj. — ^An amorphous powder of j^ellowish- 
white colour, or crystalline lamellsB, slightly soluble in water, 
insoluble in alcohol and ether, and soluble in caustic ammonia. 
Heated with nitric acid, it gives a yellowish residue, which, od 
the addition of soda, assumes a red colour, and becomes pui-plo 
when heated. . It forms crystallisable salts. 

Zoamylin. — The same as Glycogen. 
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Abdominal type of respiration, 62. 
Abducens ocmi nerve, 239. 
AbeiTation, Chromatic, 277. 

, Spherical, 276. 

Absolute muscle force, 204. 
Absorption of fat, 129. 

of food, 129. 

of gases by^uids, 67. 

Accelerating nerves of heart, 34. 
Accelerator centre, 253. 
Accessory, Spinal, nerve, 244. 
Acconmiodatiion of the eye, 281. 
Acetic acid test for proteids, 6. 
Aceton, 374. 
Achroo-deztrin, 374. 
Acid albumins, 4. 

rigor, 189. 

Actinic ra^s, 298. 
AdamUewicz's test for proteids, 6. 
Adipocere, 374. 
Adult age, 371. 
^sthesiometer, 316. 
Albumins, 3. 

, Acid, 4. 

, Alkali, 4. 

Alcohol as food, 87 
Allantoin, 172, 374. 
Allantois, 344. 
Alloxan, 374. 

Alternation of generations, 321. 
Amnion, 342. 

Amoeboid movement, 178. 
Amyloid substance, 5. 
Amylopsin, 122, 124. 
AniBmia, Effect of, on muscle, 202. 
. An^eotrotonus, 220. 
Animal heat, 1'^. 
Anisotropous substance, 182. 
Anospinal centre, 128. 
Anterior jugrular veins, 352. 
Antipeptone, 122. 
Antiperistalsis, 115. 
Aortic arches, 351. 
ApncBa, 65. 
Appendix, 374. 
Archiblastic formations, 340. 



Aristotle's experiment, 316. 
Arteries, 35. 
Asexual generation, 324. 
Asparagin, 375. 
As].artic acid, 375. 
Astigmatism, 289. 
Auditory nerve, 240. 

sensations, 310. 

Automatic movements, 229. 
Avalanche theory of nerve im- 
pulse, 217. 
Azotised compounds, 2. 

Balance of the oeconomy, 94. 

Barley as food, 84. 

Basal ganglia, 253. 

Beats, 308. 

Beer, 86. 

Bemardin, 133. 

iJile, Characteristics of, 119. . 

f Quantity of, 120. 

salts. Test for, 120. 

, Uses of, 121. 

Bilirubin, Test for, 120. 
Binocular vision, 297. 
Biogenesis, 323. 
Biuret test for urea, IGl. 
Jilastoderm, 335. 
Blastodermic vesicle, 339. 
lilind spot, 276. 
Blood, 8. 

, Coagulation of, 13. 

, Composition of, 16. 

corpuscles, 11. 

pressure, 36. 

, Quantity of, 10. 

vessels, 34. 

Bottger's test for sugar, 7. 
Brandy, 87. 
Bread as food, 84. 
Bronchial murmur, 66. 
Brunner's glands, 125. 
Bulbus arteriosus, 351. 

Calorific rays, 298. 
Calorimetry, 148. 
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Canal of Mliller, 338. 
Capacity of chest, 63. 
Capillaries, 49. 
Carbohydrates, 6. 
Carboh'c acid, 173. 
Carbonic acid of blood, 22. 

in respired air, 69. 

Cardinal veins, 352. 
Camin, 375. 
Casein, 4, 89. 

, Diprestion of, 113. 

Cathelectro tonus, 221. 
Centre, Accelerator, 253. 

, Ciliospinal, 251. 

, Deglutition of, 107. 

, Ejaculation, 261. 

, Erection, 251. 

, Insalivation, 2f2. 

, Mastication, 252. 

, Micturition, 177. 

1 Parturition, 251. 

, Suction, 253. 

Cereals as food, 84. 

Cerebral peduncles, 254. 

Cerebrin, 375. 

ChalazsQ, 335. 

Chemistry of nervous tissues, 213. 

of respiration, 68. 

Cheno-taurocliolic acid, 375. 

Childhood, 370. 

Cholalic acid, 375. 

Cholesterin, 375. 

Cholin, 376. 

Chorda tympani. Action of, 105. 

Chorion urondosum, 346. 

l»ve, 346. 

primitivum, 347. 

verum, 347. 

Chromatic aberration, 277. 

Chyle, 130. 

Chyme, 118. 

Ciliary ganglion, 237. 

movement, 179. 

Ciliospinal centre, 251. 
Circuuition, First, 351. 
Coagulated proteids, 5. 
Coagulation of blood, 13. 
Cottee, 88. 
Colorific rays, 298. 
Colostrum, 89. 
Colour bliuduess, 300. 
Compass of voice, 312. 
Complementary colours, 298. 
Composition of blood, 17. 

of body, 2. 

of milk, 89. 

of muscle, 184. 

of urine, 1^8. 

CompulBory inovements, 256. 



Conjugation, 324. 
Consonants, 314. 
Contractility of muscle, 185. 
Contraction, Phenomena of, 101. 
Co-ordination of movements, 232. 
Corpora quadrigemiua, 254. 

striata, 255. 

Corpus luteum, 3?2. 

spuriuro, 332. 

verum, 332. 

Costo-inferior type of respiration, 

62. 
superior type of respiration, 

62. 
Coughing, 77. 

Course of fibres in cord, 250. 
Cutaneous resi)iration, 76. 
transpiration, 77. 

Death, 372. 

Decidua menstrualis, 390l 

reflexa, 349. 

serotina, 349. 

vera, 340. 

Decomposition of light, 297. 
DefsBcation, 128. 
Deglutition, 107. 

centre, 252. 

Dentals, 314. 
Depressor fibres, 243. 
Derived albumins, 4. 
Development of embryo, 322. 
Dextrin, 6. 
Diapedesis, 52. 
Diastole of heart, 23, 
Diet, 92. 
Dietaries, 92. 
Direct vision, 276. 
Dissonance, 308. 
Distribution of blood, 52."" 
Drinks, 85. 
Dnun of the ear, 804. 
Duct of MUUer, 338. 
Ductless glands, 128. 
Ductus vouosus, 352. 
Dyslysm, 376. 
Dyspnoea, 65. 

Egg-albujnin, 3. 
E^^s us food, Si. 
Eighth nerve, 2'iO. 
Ejaculation centre, 251. 

of semen, 329. 

Elasticity of muscle, 185. 
Electric currents in mufjclc, 205, 

in nerve, 218. 

Electrotonus, 220. 
Eleventh pair of nerves, 214. 
Embryonic area, 338. 
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Head-foiaj 3M. 



Heat, AuinuU, l-UJ, 

ngor, 139. 

Height UDd neigbt, Tsblo of, 371. 
Heini-pepUiaa, Iffii. 
Hoputine, 133. 
Heriug'a Cheoi? of coloDrii, 29S. 

Hiqqap, 77. 

HippurloBoid, 171. 

Houoio-CharniEtl pni'ioote, U3. 
Hnrarniotrgpii., 237. 
Hj-pDblast, 3 a. 

HypogloasRl oerva, 2M. 
HjrpoIanttiE, 171, 377. 

Idiomnacnl&raoatniDCioii, IS9, 
Iiupulsa oT heart, 27. 

Indican, 172,377. 
InaiffO, 377. 
Indigogan, 172. 

Inhibitorj centra of heart, ^ij. 
narvBs, ^6, 

Initial oontraqtion.SUl. 
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Inasiulo said, SIS. 
Inoalto, 378. 






Glottii, Tiuatloi 



Human Physiology. 



InsuSolent diet, 97. 
InteniiLl reHpirfltiou, 75. 
Intervals, UubIchI, SOS, 
Iris, 27S. 
IcntdlBtion, Sffl. 
IsotroiwaB mbatanoe of u 
184. 

Jointi, 207. 

JagBlara, Anterior, 312. 

Keratin, £78. 
Kreatin, 378. 
KreatJaiu,171, 378. 



Latent adOitiou', 1»7. 

I«ng^tol:,77, 
Leuing, £12. 
lodtHin, STB. 

Lwaminona plaatB oB fooit, St. 
Leven, aOB. 

Lleberkilhn'B folllclEg, 125. 
Lleblg'B teet Eoc uiea, 16L 
LlEht, DeoomppBitlcm of, ^7. 
Liqaoi umnil. 342, 314. 
lifmeBightodneaB, £87. 
Lntein, 37B. 
Lymph, 54. 130. 

Hal de Montngne, 7Z. 
UbUo uid, S78. 

MuTioIte'B blind spot,' 270. 
UBiih gu, 127. 
JUoaticalioD, 90. 
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Metjmepbroa. 3^ 
UetliaamwlDbLn, 18. 
Micturition, 177. 
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MuBoular niovameut, 176 

UuBlHOwiimdB, m 
Miopia, 238, 
Mjoaiii, a, m 

ITeax point, 230. 
N^fstiTB after imsgea, 3 
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Ololique muscles of the eye, 302. 
Oculo-motor nerve, 234. 
Old age, 372. 
Olfactory nerve, 233. 
Optic axis, 273. 

nerve, 233. 

thalami, 255. 

Optograms, 295. 
Ossicola, 305. 
Otio ganglion, 238. 
Oviduct, 338. 
Ovum of bird, 33i. 

of mammal, 337. 

Oxalic add, 172. 
Oxaluric acid, 172. 
Oxygen of blood, 21. 
Oxy-h8Bmoglobin, 17. 

Pain, 318. 

Pancreas, Innervation of, 124. 

Pancreatic juice, 122. 

Parablastic formations, 340. 

Paradox of Weber, 19a 

Paraglobulin, 4, 19. 

Paralactic acid, 379. 

Parkes on excretion of urea, 165. 

Parthenogenesis, 324. 

Partial presence of gases, 68. 

Parturition centre, 251. 

Pepsin, 110. 

Peptones, 3, 111. 

Percussion sounds of chest, 66. 

Peristalsis, 115. 

Pettenkofer's test for bile, 120. 

Phenol, 173,380. 

Phosphenes, 292. 

Physiology of new-bom child, 369. 

Pietrowski's test for protoidH, 6. 

Pitch of sound, 308. 

Placenta foetalis, 346. 

uterina, 346. 

Plasma of the blood, 19. 

of p.uscle, 184. 

'Pleuro-peritoneal cavity, 341. 
Pneumog^tric nerve, 241. 
IPoikilo-thermal animals, 143. 
•Pons varolii, 254. 
Portio dura, 239. 

intermedia, 239. 

mollis, 240. 

Positive after-images, 301. 
Potatoes as food, 85. 
Presbyopia, 285. 
Pressor nerves, 243. 
Pressure in air passages, 67. 

of blood, 36. 

of urine, 177. 

, Sense of, 315. 

Primitive aorts, 851. 



Primitive streaK, 340. 
Primordial ovules, 938. 
Projection, Law of, 298. 
Pronephros, 864. 
Proteids, 3. 

, Coagulated, 5. 

, Digestion of, IIL 

, Tests for, 5. 

Protista, 1. 
Protoplasm, 1. 
Proximate principles, 2. 
Pseudo-nuclear bodies, 337. 
Ptyalin, 103. 

Fidmonio circulation, 23. 
Pulse, 41. 

, Frequency of, 28. 

, Tracing of, 43. 

Purkinje's figures, 292. 

images, 292. 

Pyrocatechin, 380. 

Quantity of the blood, 10. 

Eain-water, 85. 

Bapidity of conduction in nerves, 
227. 

of reflex acts, 232 

Becti muscles of the eye, 301. 
Becurrent sensibility, 224. 
Bed corpuscles of blood, 11. 
Beflex action, Laws of, 231. 

acts, 230. 

Bennet ferment, 113. 
Besouators, 309. 
Bespiration, 56. 

, Cutaneous, 76. 

, Internal, 75. 

, Movements of, 57. 

, Sounds of, 66. 

Bcspiratory nerve-centres, 64. 

Bbeoscope, Physiological, 219. 

Bhodopsin, 295. 

Biffor mortis, 187. 

Bitter- Valli's law, 220. 

Biver-water, 85. 

Boots of spinal nerves, 247. 

Bum, 87. 

Bunge's test for sugar, 7. 

Banning, 212. 

But, 333. 

Bye as food, 84. 

Saliva, Characters of, 101. 

1 Uses of, 102. 

, Varieties of, 101, 102, 

Salts of blood, 20. 

of urine, 175. 

SarMn, 171, 380. 
Sarkosin, 880. 
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Schemer's oxporiment, 281;. 
Sebaceous xn&tter, 142. 
Secondary ware, 200. i^ 
So^oretory nerves, 224. 
Segmentation of ovum, 3S8. 
Self -digestion of stomach, 117. 
Semen, 326. 

Semicircular canals, 305. 
SeniHty, 378. 
Sense pf pressure, 316. 

of smeU, 321. 

of space, 315. 

of taste, 320. 

of temperature, 317. 

of touch, 315. 

Sensibility, Muscular, 319. 
Sensory nerves, 223. 
Serum, ^. 

albumin, 3. 

Seventh nerve, 239. 

Sexual generation, 325. 

Sharpness of vision, 275. 

Short-sightedness, 286. 

Sighing, 77. 

Silver test for glycoso, 7. 

Single vision with two cyos, 

294. 
Sinus terminalis, 351. 
Sitting, 210. 
Sixth nerve, 239. 
Skin, Functions of, 139. 

, Respiration by, 76, 140, 

, Transpiration through, 77. 

Small intestine, 125. 

SmeU, Sense of, 321. 

Smooth muscle, 1^. 

Snoring, 77. 

Sodium sulphate test for proteids, 

5. 
Somatoplenre, 341. 
Sound of muscular contraction, 

193. 
Sounds, Division of, SOS. . 

of heart, 26. 

of respiration, 66. 

Space, Sense of, 315. 

Spectrum of blood, 8. 

Speech, 310. 

Speed of blood-current, 46. 

Spermatin, 327. 

Spermatozoa, 327, 

Spheno-palatine ganglion, 2;>8. 

Spheric^ aberration, 276. 

Sphincter ani, 128. 

Spinal accessory nerve, 244. 

cord, 247. 

Spirits, 87. 

Splanchnic nerves. Action of, 125. 

£(pZa2ZGlmopleurei S41. 



Spleen, Functions of, \Xi, 

Spring-water, 85. 

Standing, 209. 

Starch. 6. 

Steapsin, 122, 124, 126. 

Stenson's experiment, 189. 

Stomach, Movements of, 115, 116. 

, Nervous supply of, 116. 

Submaxillary ganglion, 338. 
Subzonal membrane, 342. 
Succinic acid^ 172, 380k 
Suction centre, 253. 
Sugars, 6. 

Summation of stimuli, 197. 
Suprarenal capsules, 138. 
Sweat, 140. 

centre, 251. 

Sympathetic nerves, 245. 
Systemic circulation, 23. 
Systole of heart, 23. 

Tail fold, 341. 

Tapeworm, Development of, 825. 

Taste, Sense of, 320. 

Tea as food, 88. 

Tears, 303. 

Teeth, Order of eruption of, 100. 

, Uses of, 99. 

Temperature of the body, 144, 

145. 

, Sense of, 317. 

Tenth nerve, 241. 
Test for glycose, 6. 
Tests for grape sugar, 6. 

for proteids, 6. 

Tetanus, Complete, 201. 

, Incomplete, 200. 

Third nerve, 234. 
Thiry's fistula, 126. 
Thymus, Functions of, 138. 
Thyp\id, Functions of, 1«8. 
Tim'tire^of a note, 309; 
Tongue, Movements of, 106. 
Tonicity of muscle, 190. 
Touch, Sense of, 315. 
Training, Diet in, 94. 
Transpiration of vapour buskin, 

77. 
Traumatic degeneration of nerves, 

218. 
Trigeminus nerve, 235. 
Trochlear nerve, 235. 
Trommer's test for glycose, 6, 
Trophic nerves, 225. 
Trypsin, 122. 

Twelfth pair of nerves, 244. 
Twin birth, Frequency of, ?(\ k 
Types of respiration, 62. 
Tyrosin, 380. 
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Ultimate clemGnts of the body, 2. 
Umbilical cord, 350. 

vesicle, 340. 

Unipolar induced action, 217 
Undtriated muscle, 182, 205. 
Urea, Characters of, ItiO. 

, Compobition of, 159. 

, Excretion of, 162. 

, Origin of, 167. 

, Separation of, 160. 

, Tests for, 169. 

Uric acid, 1©B. 

, Origin of, 170. 

, Tests for, 169. 

Urine, 155. 

, Composition of, 156. 

, Quantity of, 155. 

Urobilin, 173. 
Urochrome, 173. 
Uro-erythrin, 173. 

Vagus nerve, 241. 

, Influence of ,on stomach, 

116. 
Vaso-constrictor nerves, 226. 

dilator nerves, 226. 

motor centre, 251. 

nerves, 226. 

Ve^et-ablo food, 84. 
Veins, 51. 

Velocity of blood current, 46. 
Vena terminalis, 351. 
Ventilation, 74w 
Vemix caseosa, 143. 
Vesico-spinal centre, 177 251. 
Vesicular respiratory sound, Q^, 
Visible dfrorfion, Law of, 293. 



Vision, Field of, 273. 
Vision, Sharpness of, 275. 
Visual angle, 273. 

line, 273. 

Vital capacity, 63. 
Vit«llin, 3. 

membrane, 335. 

Voice, 310. 
Vomiting centre, 252. 
Vowel sounds, 313. 

Walking, 210. 
Water, 2, 86. 

rigor, 189. 

Wave of muscular contraction, 

194. 
Wheat as food, 84. 
Whisky, 87. 
White substance of spinal cord, 

249. 
Wines, 87. 
Wolffian body, 338, 366. 

duct, 366. 

Woorara, 201. 

Work done by muscle, 204, 207. 

Xanthin, 171, 381. 
Xantho-proteic acid, 5. 
reaction, 6. 

Young's theory of colours, 296. 
Youth, 371. 

Zoamylin, 133, 381. 
Zona pellucida, 336. 

radiata. 337. 

Zones of pancreatic cells, 128. 
Zymogen substance, 123.^ '' 



CA8BBLL AKP CGMPAITT, LIKITBD, BBLLX 8AUYA0X W0BK8, LOKDOST,' B.C. 



! ' 



i 



/■-.f 



^^ /-■" - ■ ^ ■ '--' ■' 




LANE MEDICAL LIBRARY 



' !' 



.: I 



• •! 



To avoid fine, this book should be returned 
on or before the date last stamped below. 



PSfi Power, Henry. 

pes Elements of human 

18B4 physiology, 4411 



DATE DUB 




